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1. Process for preparing a pha rmaceu t ical ly active compound 
in scereospecif ic form selected from the group of com- 
pounds having the formula: 

R 
I 

Ar — C COOH ( I ) 

I 

H 

and thei r physiologically cor.Csfclble 551^3 and esters, 
wherein R is a lower alkyl and Ar 3 iT.onocyclic, poiy- 
cyclic or or thocondensed polycyrlic aror.atic group 
haying up to 12 carbon ator.s in the aromatic ring, and 
which may be substituted or unsubst i tu ted in the aromatic 
ring, comprising the steps: 

a) reacting a carbonyl subs^ra-e of the formula: 



R 
I 

Ar C 



C (I • ) 
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^^heire R and Ar have the meanincs given above, with a 

it ereospecif ic reagent in the presence of a reducing agenr 

and an organic SQl\ent -bo forn the enation:eric carbinol 

and 



b) reacting the enantiomeric carbinol oo-ained r.o forrr. 
Che end oroduct 



95. Use of the products prepared according to one or more of 
the preceding claims for the prepartion of phar rtaceut i ca 1 
compounds with an t i - i nf 1 amma t or y and antipyretic 
activities. 
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COMPLETE SPECIFICATION FOR THE INVENTION ENTITLED: 

Process for preparing optically active 2-aryl-alkanoic acids, in particular 
2-aryl-propionic acids 



The following statement is a full description of this invention, including the best method 
of performing it known to me/usr- 
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FIELD OF THE INVENTTON 

The present invention relates to a stereospecif ic 
chemical synthesis of optically pure enantiomers of 
2-aryl-alkanoic acids, especially those of 2-aryl-propionic 
acids, in high chemical yields and large quantities. 
Starting from unsymmet r ica 1 ketones produced, e.g. by a 
Friedel-Craf ts reaction, the stereospecif ic reduction to the 
S- or R- enantiomeric form, respectively, of the 
corresponding carbinol is achieved by a complexed reducing 
reagent consisting of lithium-aluminium-hydride and an 
optically pure diamino-alcohol , resulting in high chemical 
yields, where the enantiomer (R or S) has a high optical 
purity. The subsequent chemical steps in the chemical 
synthesis include halogenation by keeping the retention of 
the chiral configuration in an almost quantitative reaction. 

BRIEF SUMMARY OF THE INVKNTTOW 

The present invention relates to a chemical process 
for preparing optically active 2-aryl-alkanoic acids 
especially 2-aryl-propionic acids in high chemical yields 
and > 98% optical purity, including novel intermediates of 
exc llent optical yield ( > 97% as determined by rotation 
and NMR- methods). In particular, this invention concerns a 
novel chemical process for the preparation of a 
stereoselective synthesis of a chiral alcohol, a chiral 
magnesium or a mercury organic compound comprising two main 
steps: a stereoselective halogenation of a chiral alcohol, 
followed by metallation or by a reaction with alkali cyanide, 
and subsequent conversion by retention of configuration to the 



carboxylic acid. This invention especially concerns an 
overall enantiomeric-selective chemical synthesis since it 
allows the production of both enantiomeric forr.s, R and S 
separately in high chemical yield and excellent optical 
purity, only by changing solvent, temperature or additions of 
the "chiraidid" complex, without racemization - 

Three different, routes can be pursued to obtain 
optically pure 2-aryl-alkanoic acids at high chemical yields: 
i) the halides can be metallated with magnesium 
or mercury and subsequently treated with carbon dioxide; 

ii) or by producing the corresponding nitriles by 
changing configuration of the chiral carbon atoms (R — >S, or 

S >R) and subsequent hydrolysis to the 2-aryl-alkanoic 

acids; 

iii) or by treatment of the enantior;eric halides 
with sodium tetracarbony 1 ferrate-II [Na^Fe (CO)^] in the 
presence of carbon monoxide (CO) ; and subsequent treatment 
with sodium hypochlorite (NaOCl) and acid hydrolysis or by 
treating with a halogen (e.g. J^) in the presence of an 
alcohol to give the enantiomeric ester, or in the presence of 
and water to yield, respectively, the corresponding free 
carboxylic acid. 

This chemical process yields high optically pure 
2-.\ryl-alkanoic acids, especially of 2-aryl-propionic acids, 
at high chemical yields. 
BACKGROUND OF THE INVENTION 

In 1981, Shen (Shen T. Y., in: Wolff, M. F. (ed) 
Burger's Medicinal Chemistry , 4th edition, part III, Wiley, 
Interscience, New York, pp. 1205-1271) reviewed the medicinal 
aspects of the aryl-acetic acids and their ■ 2-methyl 
analogues, especially the 2-aryl-propionic acids. In 
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particular, it has been reported that the in vitro anti- 
inflammatory activity resides in the S-enantiomer which is an 
optically active enantiorr.er of the zace-^ze { R, S ) -2-aryl- 
prcpionic acid which is up to 150 tii7.es as active as its 
P.-enantioir.fer as described by Acar.s et al. (£. Acar.s et al., 
J. Pharn. Pharmacol. . 28 , 1976 , 256; A. J. i:utt and J. 
Caldwell. Chemical Pharnacckinetics 9, 1984, 371). Moreover, 
the chiral inversion by the metabolism in ir.an of 
2-aryl-propionic acids of the R-{-) enantiorr.er to the 
biologically active S- ( + ) enantiorr.er, especially ir. case of 
ibuprofen (R, S ) -2- ( 4 -isobutylphenyl ) -propionic acid) , sup- 
ports the pharmacologically active principle of the 
S- (+)-enantiomer which is also supported by the studies of 
the S-enantiomer of Naproxen (A. J. Hutt and J. Caldwell, 
Pharm. Pharmacol., 35, 1983, 693-694). In addition, there is 
no metabolic chiral inversion to the corresponding 
R-(-)-enantiomer of the S-( + ) form in man, although some 
stereochemical inversion has been observed in rats 
occasionally, possibly due to unknown stereochemical 
interafions of the (S)-(+) and R- (-) enantiomers at the site 
of action. 

Since the conversion of the R- (-) -2-aryl-propionic 
acids to the pharmacologically active S- (+) -enantiomer is a 
reaction of great medicinal impact, it is likely that certain 
benefits will be obtained by the use of the S- ( + ) -enantiomers 
of 2-aryl-alkanoic acids as compounds as opposed to the 
racemates. The use of the S-(+) enantiomers would permit 
reduction of the dose given, reduce the gastro-intestinal 
side effects, reduce the acute toxicity, remove variability 
in the rate and extent of inversion, and in addition will 
reduce any toxicity arising from non-specific reactions. 
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Therefore, there is need of a process capable of 
operating on an industrial scale in order to produce 
economically attractive yields of these S-(-^) enantiomers of 
high optical puriry > 9£l, by applying a sterecspeci f i c 
cheiracal method. Optically pure enantiomers of 2-aryl- 
alkanoic acids, especic.lly 2-ary 1-propionic-acids which are 
approved for pharmaceutical use as a pure, optically active 
stereoisomer , e.g . £-{ + )- {6-metho>:y-2-naphthyl) -propionic 
acid (Naproxen) or S-(-*-) ibuprofen, can be obtained by using 
ccn'^'^-^nticnal ways of racer.ic separation by applying optically 
active bases, e.g. 2-pheny 1-ethy 1-amine , N-m.ethy 1-glucamine , 
cine honi dine , brucine or D- ( -) -threo-l-p-nitrophenyl-2-amino- 
propan-1 , 3-diol or through biochemical racemate separation 
(P. Cesti and P. Piccardi, Eur. Pat. Appl. EP 195,717; 1986 , 
J. S. Nicholson, and J. G. Tantum, U.S. Patent 4,209 ,638 , 
1S80) , or by high performance liquid chrom.atographic 
techniques (see G. Blaschke, -- Anaev:. Chem. 92 , 14-25, 1980). 
However, these methods of applying optically active bases or 
enzN'mes (pig liver esterase) have the drawback common to all 
these processes of high material costs, manufacturing labor 
and equipment for the recovery and racemization of the 
undesired optical stereoisomer not counting the energy 
necessary for redistillation of the solvents, lov; yields of 
crystalline com.pounds of high optical purity from the mother 
liquors. Thus the elimination of these resolution steps can 
result in substantial savings in material costs, 
manufacturing, labor and equipment. 

Methods for synthesizing racemic 2-aryl-alkanoic 
acids, especially 2-aryl-propionic acids and in particular to 
R/ S-ibuprofen are well known, see, for example, Tanonaka, 
T., et al., DE 3523082 Al, <19B6) , who uses microorganisms; 



JP-PSEN 40-7491 (1965); 47-18105, (1972); JP-OS 5C-4040, 
(1975); DE 2404155 (1974); D£ 144 3429 (1968) by J. S. 
Nichciscn and S. S. Adams; DE 261 4 306 by Bruzzese, T,, et 
al., (1976); DE 2605650 by Gay, A., ( 1 976); DE 2545154 by 
Heusser, J., (1976); and CE 24 04 16C by Kogure,,}'.., et al., 
(1974 ) , 

Surprisincly , or.ly a fev: r.ethods fcr a stereo- 
specific chemical synthesis for 2-aryl-alkanoic acids, 
especially 2-ary 1-propionic acids, are knov;n. Piccolo et al. 
( J > Ore . Cher.. 50 , 3945-3346, 1985) describe a stereospecif ic 
synthesis by the al)<:ylation of benzene or isobutylbenzene 
with (S) -methyl-2- [ ( chlorosu 1 f ony 1 ) -c>:y] or 2- (mesyloxy) 
propionate in the presence of aluniniur: chloride yielding 
(S) -methyl-2-phenyl-propionate in good chemical yield 
(50-80%) and excellent optical yield cf > 97% as determined 
by rotation through inversion of configuration at the 
attacking carbon atoms. The reaction conditions are very 
similar as described in some patents (Jpn. Kokai Tokkyo Koho 
5808045; Chem> Abstracts , 1983, 98; 14313E: k; Jpn. Kokai 
Tokkyo Koho 7979246; Chem. Abstracts , 1980, 92, 6253 f) where 
racemic reagents have been used. Extensions of this type of 
reactions to other aromatic substrates, e.g. toluene, 
isobutylbenzene, tetraline, aniscle. naphthalene, 

2-methoxy-naphthalene are described in Jpn. Kokai Tokkyo Koho 
7971932; Chem. Abstracts 1979, 91, 20125 b; Jpn. Kokai Tokkyo 
Koho 78128327; Chem. Abstracts 1978, 89, 23975 y; Jpn. Kokai 
Tokkyo Koho. 81145241; Chem. Abstracts 1982, 96, 6E650 z; Jpn. 
Kokai Tokkyo Koho 78149945; Chem. Abstracts 1979, 90, 168303 
h; Jpn. Kokai Tokkyo Koho 7844537; Chem. Abstracts 1978, 89, 
108693 h; Jpn. Kokai Tokkyo 77131551; Chem. Abstracts 1978, 
88, 104920 h. In a recent paper Piccolo et al. ( J. Org. 



Chem. 52 , 10 , 1987) describe a synthesis leading to R-(-) 
ibuprofen, whereas Tsuchihashi et al. (Eur. Pat. Appl. EP 
67,6SS, (1962); Cher.. Abstracts 9£, 178945 y, ( 1 983) report a 
stereospecif ic synthesis of the R-(-) ibuproien- methylester 
with excellent yields cf about 75.0^ and high optical purity 
(> 95^c^) in contrast to Piccolo et al. ( J . Ore. Cher.. 32, 10, 
1987) having an optical purity of 15^ only for the R-(-) 
ibuprofen. However, the same authors have reported chemical 
yields of 68% of S-(+) ibuprofen having an optical purity of 
75-78%, only. Hayashi, et al. ( J, Org. Chem. 48, 2195, 1953; 
in: Asymmetric Reactions and Processes In Chemistry ; eds E. 
L. Eliel and S. Otsuka, ACS-Symposium Ser. 1985 , 1982, 177) 
describe a stereospeci f ic synthesis of S- ( + ) ibuprofen 
through asymmetric Grignard cross-coupling which are 
catalyzed by chiral phosphine-nickel and phosphine- palladium 
complexes. The enantiomeric excess of the coupling products 
with various alkenyl halides under the influence of the 
above-mentioned metal phosphine complexes, including amino 
acids, depends strongly on the ligand and ranges up to 94% 
with enantiomeric excesses in the 60-70% range. A very 
useful ligand has been found in chiral 2-aminoalkyl 
phosphines achieving reasonable chemical yields and high 
optical purity. Furthermore, optically active 2-aryl- 
alkonates have been synthesized via a Friedel-Craf ts 
synthesis by Sato and Murai (Jpn. Kokai Tokkyo Koho JP 
61,210,049 t 86,210,049, 1986) yielding 46% S-{+) ibuprofen, 
Giordano et al. (EP application 0 158 913, 1985) has reported 
a process for the preparation of optically active 2-aryl- 
alkanoic acids and intermediates thereof by halogenation on 
the aliphatic carbon atom to the ketal group and 
rearrangements of the haloketals yielding pharmacologically 



active 2-ary 1-alkanoic acids. A stereochemical synthesis of 
2-ary 1-propionic acids is described by Robertson et al. (E? 
application 0 205 215 k2 , 1 566 ) usir.c 2- ( ) -alkane as the 
carbon source £cr the funci Ccrdvc^o^ in particular for 
Corciceos mi li tari s , yielding enantiomeric S-(+) products of 
high optical' purity, 

Kethocs fcr the synthesis of. anti-inflammatory 2- 
aryl- propionic acids are listed in the review by Rieu et al. 
(J. F. Rieu, A. Boucherle, H. Coussee and G. Kouzin, 
Tetrahedron Revert Kc. 2CS, 4C95--;i31, 1SE6), also. However, 
this report is mostly concerned with the racer.ates rather 
than an evaluation of stereospecif ic chemical synthesis of 
2-aryl- propionic acids. 

DETAILED DESCRIPTION OF THE INVZKTION 

This invention describes the stereospecif ic 
synthesis of the S- or R-enantiomier s of 2-ary 1-alkanoic 
acids, particularly 2 -ary 1-propionic acids, which can be 
applied easily in chemical plants. The advantage of this 
process is the use of simple available and economical 
chem*icals, e.g. ketones, and asymjnetric reduction with chiral 
reagents from lithium aluminum hydride complexes with (2S, 
3R) -4-dimethylamino-3- methyl-1 , 2-dipheny 1-2-butanol cr 
2 ,2 ' -dihydroxy-1 , 1 ' -binaphthyl [which can be re-used after 
the reaction] , thionyl-chloride (bromide) , magnesium or 
cyanide in conjunction with sodium- carbonyl- ferrate 
(Na^FeCCO)^, Collman*s reagent) in order to produce 
economical yields of S-{+) or R- (-) -2-aryl-alkanoic acids, 
preferably S- {+) -ibuprof en and S- ( + ) naproxen, of high 
optical purity ( > 98%) . 

The 2-aryl-alkanoic acids prepared according to the 
present invention fall within the chemical formula: 



Ar 1 COOH (I ) 

H 

ir. which R is lower alkyl, Ar is preferably a ir.or.ocycl ic , 
pclycyclic or crtho-concer.sec pclycyciic aror^atic croup 
havir.c up to "twelve carbor.r. ir. rhe arcrriatic systerr., e.g. 
phenyl, dipher.yl, and naphthyl. The substituents on these 
arcrr.atic ring systems cor.prise one or more halogen atoms, 
C,-C. alky Is, benzyl, hydroxy, C„-C. alkoxy, phencxy and 
benzoyl grcups. Examples of such substituted aryls are: 

4- isobutyl -phenyl , 3-pheno::y-pheny 1 , 2-f lucro-4 -cipheny 1 , 
4 * -f luoro-4-diphenyl , 6-methoxy-2-naphthy 1 , 5-chloro-6- 
metho>:y-2-naphthyl and 5-brcmo-6-me thoxy-naphthy 1 , 4-chloro- 
phenyl, 4-Qif luoro-methoxy-phenyl , 6-hydroxy-2-naphthy 1 , and 

5- brono-6-hydroxy-2-naphthy 1 . 

For reasons of clarity we define the meaning of the 
following terms and expressions used throughout this 
invention as follows : 

Chiral refers to a chemical structure v:hich has an 
asymmetric center, at least. The configuration of the 
asymmetric carbon atom, is classified as "R" or "S" in 
accordance with the Cahn-Ingold-Prelog rules, Enantiomer or 
enantiomcrph defines a m.olecule which is non-superimposable 
on its respective mirror image. Enantiomeric excess, "e.e", 
refers to a definition which means percentage of the 
predominant enantiomer subtracted from the other enantiomer. 

The ketones of the chemical formula (II) below are 
well known and are easily prepared by known methods through 
Friedel-Crafts acylation if not commercially available • 

The stereospecif ic reduction to the corresponding 
S- ( + ) -1- (4-isobutylphenyl) -hydroxyethane (III) is accom- 



plished by reacting the unsyrjr.etrical ketone (II) v;ith LiAlH^ 
in coir.plex v;ith ( + ) -4-dir.ethylair.ir.o-3-methy 1-1 , 2- ciphenyl- 
2-butancl ir. etherai (or TH?) soluticns. Due tc different 
conditions e.g. temperature, adding the reducing reagents, 
reaction tirT»e", by applying this particular reaction one can 
obtain easily the S-2- {4-isobutylphenyl) -2-hydroxy- ethane or 
the ccrrespcnc ing R-enantic-.er in gccd chenical yields 
(alr.GSt 100% in cherr.ical yield) and high optical purity 
( > 951) . 

A scherr.atic route for this parzicuiar synthesis of 
the S- or R-enantiomer is shown in Fig. 1 belov, whereas 
Figs, 2 and 3 show the procedure for obtaining S- ( + ) or R(-)- 
ibuprofen. This route (Fig. 2) stands for a general route to 
obtain pure enantiomer s of 2-aryl-propionic acids, useful for 
industrial processes. 
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Preparation of the S-(+} or R-(-) alcohol of 
1- ( 4-isobutylpheny 1) -hydroxv-ethane : 




Figure 3 
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Tne G syrjT.er r i c rec-cticri viir 
hydride (LiAlH^) i- cozr.ple:^ wi^r. (-)-(;c^ 2:^) -A-zLrez-yl' 
a- ire- 3- r^e-hy l-i , 2-ciphe"yl-2-c-ra:^cI (S. Va-azurr,i a-f H. 
£. Xcsher, J . Crj Chem. 3c, :S7C, 1 57 3 ) cf the ke-cne CI) 
gives ei-her (R)-(-) cr ( S )-(-)- 1 -{ 4 -i £Cb;:-y Iphenyl ) -hycrcxy- 
ethar.e ir. 9 8-9 9% ena-ric.-eric p-jri-y cepencir.c upcr. use cf 
this reacer.t .either i.Tjr.oc i ate ly arter its preparation cr upon 
acir-.c cvernicht cr refluxir.c for a few r.ir.utes. This 
?^---^-^^- reversal ir. stereoseiectivi-y wizh ace cf the 
.ccr.plexir.g reace:;z ("chiralcid reacer.t") can he used • to 
prcvice 2- S'^b stitu tec- 2 -hycrcxyethar.e derivatives having 
nicn cpt:ical purity and very good cherr.ical yields cf about 
95% and rr.ore. These che-ical yields with high optical purity 
can be obtained particularly frcrr. different carbonyl 
substrates cf the fcr-.ula (I'): 

O 
i 

Ar C R 

wherein Ar = 4-isobuty Iphenyl 

= 6 -TTie th oxy - 2 - n aph t hy 1 

= 3-phenoxy-phenyl 

= 2 ' f luoro-4-Qiphenyl 

= 4 • -f iucrc-4-ciphenyl 

= 5-chlcro-6-nvethoxy-2-naphthyl 

= 5-brcir.o-6-inethoxy-2-naphthyl 

= 4-chloro-phenyl 

= 4-cif luoro-rr.ethci^-y-phenyl 

= 6-hycroxy-2-ri£phthyl 

5"brcmo-6-hycroxy-2-naphthy 1 
and R is a lower alkyl. 
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The extent of stereoselectivity is determined by 
KHR methods by treating the carbinol obtained vith excess 
acid chloride from (R) -( + ) -2-inethoxy-2-trifluoroniethy Iphenyl- 



acetic acid in pyridine as described by J. A. Dale, D. C. 

Dull, and H. S. Mosher, J. Ore Cher,. 34, 2543, (1969). The 

signc-ls of both the 0-methyi and a -mechyl groups of the R,R- 

diastereomer from methy Ipheny icarbmcl appear at higher 

fields than those of the R, S-diasterecr.er£ . The peaks are 

clearly separated on a T-60 instrurrtent and relative peak 

heights are shown tc give a good approzination cf the 

19 

isomeric coir.pcsi tion . Further, the T resonances for the 
2 -CF- group at 94,1 HHz can be used also and readily 
integrated. Applying a KMR shift reagent, e.g. FnCfodi^'O, 1 
M) can be used also to discrirriinate between the different R, 
R-diastereoTT.ers and R, S-diastereoisomer s , respectively, so 
that quantitative integration of the respective 0-methyl 
signals is readily possible. 

Another effective asyrrjnet ric reduction of prochiral 
carbonyl compounds according to the formula (II) with a 
hydride reagent containing a chiral auxiliary ligand can be 
achieved by using LiAlH^ in complex with optically pure 
2,2'-dihyQroxy-l,l'-binaphthyl in the presence of a 
hydroxylic compound R'OH. The enantio-selectivity is 
virtually complete (Fig. 4 below) in accordance with recent 
observations by Noyari et al. (R. Koyari, -I. Tomino and Y. 
Tanimotc, J. Amer- Chem. Soc- 101, 3129-3130, 1979). 

Since both R- and S-forms of the carbinols are 
readily accessible in optically pure forms, both methods 
allow the synthesis of both enantiomers of these carbinols 
from carbonyl compounds. Furthermore, the reduction of 
simple dialkyl ketones does not give satisfactory optical 
yields as these unsymmetric substituted ketones of formula 
II. 

V?ith respect. to the reaction of LiAlH^- (+) -4- 
dimethyl-amino-3-methyl-l ,2-diphenyl-2-butanol with the 



ketones (II), it has been found, that the optical yield 
increases by lowering the reaction temperature v;hen using 
ether as a solvent, Hcv;ever,.. by applying tetr ahycrof urane 
(TKF) or 1 , 2-dirr.ethoxy-ethane the reaction teir.per atur e is not 
crucial when the 'reaction conditions are below 30^C. In both 
cases the chemical yields are alnost 95%. 

The synthesis c: F.-(-) cr the S-rcrr. fror: the 
ketone (II) including the subsequent transformations to the 
S- or K-enantioir.er of the carboxylic acids, for obtaining 
high cherr.ical yields, depends on the optical purity of the S- 
or R-enantiomers of the substituted 1 -hydroxye thane . It has 
been found that the effects of tenipera ture , concentration, 
solvent, time, ratio of the reactants, and velocity of 
stirring upon stereoselectivity of this reduction is of 
importance for obtaining high chemical yields ( > 9C%) of the 
optically pure S- or R-enantiomeric forms. 

Of foremost importance in the observed increase in 
chemical yield of the corresponding enantiomers (R or S) 
having high optical purity according to this reduction to the 
carbinol, is that the stereoselectivity is strongly dependent 
upon the length of time that the reagent, e.g- LiAlH^R*OH 
(R*OH is (+) - (2S, 3R) -4-dime thylamino-3-methyl-l , 2-diphenyl- 
2-butanol) has been permitted to stand before its 

use for reducing the ketone as a substrate. Accordingly, 
stirring velocity and time are important factors for 
producing the R- or S-enantiomeric forms in high chemical 
yield and optical purity, whereas the time parameter 
influences the stereoselectivity if R-(-) or S (-) is being 
produced from the carbonyl substrate. The stirring (mixing) 
in the absence of any oxygen and moisture determines mainly 



the chemical yield. According to this invention when, for 
example, 2- { 4-isobutylphenyl) -nethyl- ketone or l-(4-2- 
methy Iprcpy 1 ) pheny i-exhanone [CAS Registry 3 66 6 1 -7 8-S ] is 
added to the reagent, e.g. LiAlH^ R*OH, at 4^C, (O'^C-^^C) 
either 1 iriinute cr 5 rriinutes after its preparation, an almost 
quantitative yield of H- {-) -2- ( 4 -isobuty 1-pheny 1) -2-hydroxy- 
ethane is formed when continuously stirred. The preparation 
of the reducing agenr is performed by mixing LiAlH^R*OH with 
the ketone in a m»olar ratio or 1.0:2.5; normally a pasty cake 
is obtained in etheral solution at 0^-4*0. However, 
continuous stirring has to be provided in order to have an 
active reducing reagent. 

The preparation of the reducing reagent, e.g. 
LiAlK^ H*OH, in ethereal solution especially the colloidal 
state rather than the "oaky" or suspended state influences 
the optical purity; the almost quantitative reduction of the 
carbonyl substrate which is governed by stirring the mixture 
of LiAl.H.R*OH and ketone, the colloidal state of the reducing 
reagenr, LiAlH^R*OK, rules the optical purity of the reagent 
which is nearly 9 5-9 8% • 

However, when the reducing reagent is permitted to 
stand for eight hours or is refluxed in ether without 
stirring before the same carbonyl substrate is added, a 
95-98% yield of the S- (+) -enantiomeric form of the carbinol, 
which is 95% optically pure, is obtained. 

The observed reversal in stereoselectivity is 

associated with the colloidal state of LiAlH. (R*OH) and the 

H n 

more soluble form of "LiAlH, (R*OH)^" + nH.., still in 
colloidal state; however, more in a state of microemulsion. 
Stirring (continuous mixing) for a short period of time 
(time-scale minutes) is essential according to the reaction 
scheme : 

LiAlH. + nR*OH = LiAlH„ ^ (OR*) + nH:, 
4 n— 4 2 
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which can be measured by the evolution of hydrogen and 
forming a microeir.ulsion rather than a precipitate. 
Practically, the constancy of the density of the- state of the 
LiAlH, (OP.*) or the initial co.T.?le>: LiAlH R*OH in ethereal 
cr THF solutions is a reasonable assur.pticn for the 
stereoselectivity, and any variatior. vhich is beir.c applied 
to the colloidal syster. has effects on the cher.ical yields, 
rather than the opticel purity. In accordance vith this 
invention the successful preparation ci the S-enantiomer of 
the carbincl frc- the corresponding ketcne (II) as a 
substrate is preferred by allowing the reducing agent to 
stand for eight hours in ethereal or THF solutions at 
temperatures between -7»C - 0»C before the corresponding 
ketone is added. The reduction is carried out and completed 
in 10-12 hours at 20*'C under continuous mixing. 

The R-enantioroer of the carbinol froir. the 
corresponding ketone (II) is obtained preferably by forming 
the complex reducing agent, LiAlH^.,, (OR* ) ^ at 0°C (down to 
-50»C) and immediately adding (between 5-10 minures) of the 
corresponding ketone in ethereal or THF solutions, followed 
by continuous stirring over a period of time of 8-12 hours at 
20*C. 

It has been found that the stereoselectivity cf the 
reduction to the R-carbinol increases with decreasing 
temperature (-70°C to O'C) by preparing the active reducing 
complex, whereas the stereoselectivity of the soluble active 
reducing reagent for the S-carbinol decreases with 
temperature. Reaction temperatures for forming the active 
reducing species, e.g. Jjihiyi^_^lOR*) ^, and aging (time of 
standing of LiAlH^_^ (R*) is important to stereoselectivity. 
However, the main density of the reaction mixture consisting 
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of LiAlH. ^(OR*) and the ketone with respect to the 
4 - n n 

1 industrial process should bo constant throughout the series 
cf additions of the ketone. Thus, if the volumerric feed 
rate of the ketone with respect to the active reducing 
reagent is in t'he steady state, the rate c: outflcv frorr. the 

5 reaction will be the same as rhe volurr.etric feed rate cf the 
reacting ketone. So in terr.s: of engineering design, it can 
be treated as a hcmogenous reaction rr.ixture because there is 
ccrr.plete mixing on a molecular scale with no particular 
residence time. If the feed consists of a suspension cf 
colloidal particles, though there is a distribution of 
residence times among the individual particles, the mean 
residence time does correspond to the ratio of volume to 
volumetric feed rate, if the system; is ideally stirred and 
mixed. 

.15 The reaction kinetics for conversion of the ketone 

to the corresponding enantiomeric carbinols can be enhanced 
by carrying out the reaction in the presence of 3A or 4A 
miOlecular sieves (zeolites) during the reaction. The 
advantages of using these sieves include, as discovered by 
20 applying this mechanism, economy, ease of isolation, 
increasing chemical yields including improving optical 

] purities and enantiomeric excess,, and the - potential for in 

situ derivatization of the product. According to our 
invention with the stereospecif ic reduction of the ketones to 

'25 the corresponding enantiomeric carbinols in the absence of 
(i) water, coming from incom*pletely dried reagents, solvents, 
equipment and moisture, (ii) diol ethers, generated by in 
situ during side reactions in the presence of water, (iii) 
hydroperoxides and (iv) improper colloidal state of 1:he 

30 reducing chiral complex, are disadvantages in not using 1:he 
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molecular sieves during the reaction, causing decrease in 
cheir.ical yields of optically pure corresponding carbinols. 

It has been found that the highest stereo- 
selectivities for both forms of the reactive reducing 

reaaent, LiAlH. (OR*) are obtained for ratios of LiAlK. to 
" *• — n r. ^ 

?.*0H between l.b:2.3 tc 1.0:2.5 in accordance with Yanaguchi 
and Mosher ( J. Ore. Cherr. 3S, 1S70, 1S73), and does not 
appear to be critical for the processes described here. It 
has been found that the preparation cf the active reducing 
agent, LiAlH^_^ (CR*)^, in benzene, toluene, pentane and 
hexane instead cf ether, THF, 1 , 2-dime thcxy-ethane , does not 
improve stereo- selectivities over more polar solvents, e.g. 
ether, etc. However, nonpolar solvents are very useful for 
reducing ketones with the active reducing reagent when 
methoxy- or chloro, bromo, and fluorc substitutents are 
located in the aryl-groups since they are net affected in 
these solvents by the reducing reagent, hence high chemical 
yields with high optical purities are obtained* One 
advantage of using this chiral reducing reagent for preparing 
enantiomeric carbinols of high optical purity on a large 
scale basis is the recovery of the (+) -4-dimethy lamino-3- 
methyl-1 , 2-diphenyl-2-butanol after reaction with hydro- 
chloric acid and subsequent neutralization with sodium 
carbonate. So the optically active diamine alcohol can be 
re-used which makes this reducing step very economical at low 
costs, and almost quantitative yields. 

The same procedure can be applied by using 2,3'di- 
hydroxy-1 , 1 "binaphthyl as well as for the recovery of this 
particular reducing agent (Fig. 4 below) . 
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Another procedure which brings about the asyirjnetric 
reduction of ketones, e.g. II. employs a complex between 
boron hydride and tetra hydrofura.-. (BH^rTHF) and the chiral 
amino-alcchol , S- ( - ) -i , i -dipheny i-prolinol according to 
veil-established methodoloy (Corey, Bakshi and Shibata, j . 
A.T'.er. Cheir.. Soc. 109, 5551 (1987)). The yields are 99.7%, 
with 97% ee (figure 5) . 



Figure 5 
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Stereospecific halogenation of the enantiomeric 
carbinol, R or S, (iii), by keeping retention of 
configuration of the chiral carbon can be perforned either 
With thionylchioride or thionylbror.ide , or cyar.uric chloride 
in high che.-nical yields (alr.ost quantitative) and high 
optical purity.. Preferably, the halogenation is perforrr.ed in 
1,4- dioxane, water-free, when using high a.-.cunts of the 
carbinols, whereas dry pyridine can be used also. The 
enantiomeric carbinols are normally disscived in l,--dioxane 
at 20 »C by adding the s tcichionetric amounts of thionyl- 
chioride dropwise under continuous mixing over a period of 
time of one hour. The reaction should continue in the case 
of thionylchioride or bromide for 3 0 minutes further-. The 
excess of SOCl, or SOBr^ is eliminated by passing a dry 
stream of nitrogen through the reaction solution at 20 »C for 
approximately five hours, until the R- or S-enantiomer ic 
chloride is being recovered through high vacuum distillation. 

A typical procedure for preparation of the 
enantiomeric chloride involves heating of the enantiomeric 
carbinols with powdered cyanuric chloride (1 mol) to 10-20 »C 
above the boiling point of the carbinols or in the presence 
of a base (0.5 mol NaOCK3 o^.KaOBu). After the addition (ca. 
1 -1,5 h), the reaction mixture is cooled, filtered and 
distilled under high vacuum. The results according to this 
procedure indicate that no isomerization or raceiaization has 
occurred. 

The procedure of converting the enantiomeric 
carbinols to the chlorides or bromides using thionyl chloride 
or bromide has the advantage that the enantiomeric R- or S- 
halides do not need to be distilled for producing the 
magnesium-organic compound (IV) (Fig. 2), and the later step 
of carbonation for producing the S- or R-enantiomeric 
2-propionic acids (Fig. 2, 4), 
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For exan.ple, by use of the optically active 
(-r ) -l-brorro-l -nethy i-2 , 2 -di phenyl cyclopropane , an optically 
active Grignarc reagent (H. K. v:alborsky and A. E. Young, J . 
An>er . Chgn- Soc , , 83, 2595 (1961)), and an active organo- 
lithiuir. coiTipcunc (H. K. v:alborsky and F. J, Impastato, J . 
Ajner . Cher;. ^.Scc . . 81, 5835 (1959)), have been prepared. 
Significantly, the organoli thiuir compound can be carbonated 
with 100% retention of optical activity and configuration. 



Normally, the scientific data for formation o 
Grignarc conipour.ee are ccr.sister.t with the "D-inodel 
especially for primary alkyl haliceH resulting ir. part o 
freely clif fusing in soluticr. a*, all times (Garsr et ai., j 
Ar.er. Cherr. Soc. , 19£5, 1C=, 2-:9C). hence racer.izaticn 
low enantiomeric excess are cbta-nec. However, this 
ccnciusic- canr.ct be e.NzrapclarecI to ether subs-rates. 

Ke have found that the reaction of chiral 2-S-(+)- 
chlcro- cr brcr.o- (<-iscbutyl-phe.-.yl) -ethane cr the 
corresponding 2-F.-(-) enantic-er (Fi:-. 1 ar,c Fig. 2) reacts 
almost quantitatively with r.acnesiur. in ethereal or THF- 
solutions a- temperatures between 4''-15"C by keeping the S- 
cr R-ccnf iguraticn without any significant race.T.ization . The 
same reactions can be carried our in aprotic solvents also, 
yielding the same results with respect to chemical yields and 
optical purity by keeping retention of configuration. For 
carrying cut the chemical synthesis, it is not necessary to 
isolate the S-(+)- or R{-)- Grignard compounds of the 
corresponding chirai-2-substitutecl ethane in order to achieve 
the chiral-2-aryl-alkanoic acids. The enantiomeric 

2-aryl-alkanoic acids, especially those of the 
2-aryl -propionic acids, are readily obtained by passing 
carbon dioxide through the solution containing the Grignard 
compounds. It has been found that the yields of Grignard 
compounds, and the subsequent treatment with CO , is almost 
quantitative, and as a rule the optical purities increase 
with increasing s-character of the orbital involved, which is 
further substantiated by forming the corresponding 
mercuric-ii-compounds with high optical purity and retention 
of configuration (Fig. 2). In the case of the stable 
mercury-carbon bond, the 'situation can be explained easily by 
promoting one of the 6 s-electrons to a vacant 6 p-orbital 



-25- 



{Af^^5d^°6s^ -> Af^^d'^^Gs^ep^) yielding two half-filled 

crbitais which are not equivalent. For energy reasons the 
bond formed fror^ the 6 p-crbital is more stable than the one 
forr.ec by the 6 s-crbital above because a larger overlap is 
possible with the € p-crbital. A very stable situation is 
achieved by the riercury corrpouncs of the corresponding R- or 
S-enan-ici?ers of the halides (Fig. 2) when in the course of 
bond formation the 6 s- and the 6 p-orbitals corrJbine to fern- 
new crbitais ( two- sp-crbi ta 1 s ) v;hich are equivalent. 

To obtain good cherr.ical yields by retaining 
qonf icuration in the case of forming the Grignard compounds 
(Fig. 2, IV) and subsequently converging the magnesium 
organic chiral compounds to the corresponding carboxylic 
acids, it is necessary tc have clean and very reactive 
surfaces of magnesium since the adsorbed radicals on the 
surface of the magnesium. ( 6 -radicals) are retained at the 
surfaces largely, and they do" not dimerize according to our 
invention, if CO^ is present on the active . external surface 
also. So no dimerization or disproparticnation does occur in 
ethereal, THF or aprotic solvents, e.g, hexane, benzene, 
toluene, since the radical is not produced in solution, 
however, stabilized at the surface of the m.agnesium m.etal. 

Another way of metallation by retaining configura- 
tion with good chemical yields of the corresponding R- and 
S-enantiomers and subsequent carbonation yielding high 
optically pure 2-ary 1-propionic acids of R- and S-enantiomers 
can be achieved by reaction with miethyl-lithium or n-butyl- 
lithium (CH^Li, R-Li) (Fig. 2), also. 



The stereoselective insertion of CO^ is of utmost 
importance for producing metal organic compounds of high 
optical purities of the corresponding enantiomer with 
magnesium anc/or methyl lithium, as well as for the mercuric 
compcuncs R'''-KgA, with X = 3r , CI, CH^COO. 
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It does not necessarily irr.ply that these stereo- 
specific compounds, although new and not being obtained in 
this high optical purity at present, have to be isolated and 
subsequently treated with CO... The formation of the 
ir.et al-crcanic corr.pounds acccrcinc tc FicL. 1 and 2 can be 
coupled to the treatment with ir. one szace, sc it is not 

necessary tc isolate the metalorganic compounds. 

Another way of producing optically high pure 
enantiomers, n or S, from: 1 -aryl-haloe thane , (Figs. 3 and 5), 
being produced easily according to this invention, of 2-aryl- 
alkanoic acids, especially 2-ary 1-prcpicnic acids, is the 
direct conversion of the 1-aryl-halides with sodium 
tetracarbonyl-f errate (-11) {Na^FeCCO)^) in the presence cf 
triphenylphosphine (Ph^P) and subsequent oxidation with 
iodine - K^O to the corresponding acid, or in the presence of 
a secondary amine to yield the optically pure am.ide (Fig. 6 ) - 
The reagent Na^Fe (CO) ^ can be prepared by treatment of 
Fe(CO)^ with sodium, amalgam. (NaHg) in THF. 

Another miethcc for the conversion of the 
enantiomeric pure 1-ary 1-haloethane (Fig. 2) to the acid 
derivatives m»akes use of Na2Fe(C0)^ also. However, in the 
presence of CO (Fig. 6) , and treatment of the interm.ediate 
I (IV) with oxygen or sodiumi hypochlorite and subsequent 

hydrolysis produces the corresponding enantiom.eric acid with 
high optical purity and chemical yields of 75-80% (see Fig. 
"25 7). 

The application of the complex between sodixim- 
tetra-carbonyl-f errate (II) phosphine (Ph^P) or carbon 

monoxide, respectively, is useful especially in the synthesis 

30 
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of 2-alky 1-alkanoic acids, because of its high 

nucleophilicity and the ease of the integrating inversion 

reaction of this system. So the halides obtained according 

to this invention, and the tosylates react with Ka^FetCO)^ 

with typical SJ-2 kinetics, stereochemistry (inversion) in 

8 

order to produce coordinated saturated anionic d alkyl iron 
(0) coir.piexes. According to Fics. 6 and 1, this procedure 
provides routes from alkyl and acid halides to alkanes, 
aldehydes, ketones and stereospeci f ic carboxylic acids, 
including their derivatives. 

Figure 6 
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A similar method makes use of the conversion of the 
halides (Fig. 2, IV) to the esters by treatment of the 
enantiomeric halide (R or S) with nickel carbonyl {Ki(CO)^) 
in the presence of ar alcohol, preferably 1-butanol, and its 
conjugate base, according to the reaction: 




The best chemical yields are obtained for Hal = Br, 
v;hereas Hal = CI and I give lower yields -65^*,). Hov;ever, 
all halides result in high optical purities ( > 95%) . 

Once having established a stereoselective method of 
reducing the ketone to the corresponding enantiomeric alcohol 
with high optical purity ( > 97%) and very high chemical 
yields ( > 90%) , it is possible to produce either directly 
from the R-alcphol the S-carboxylic acids or via the R-form 
of the halide (Figs* 2, 8 and 9) the corresponding nitrile in 
the presence of NaCN and DMSO at 40-50^C. 
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Figure 9 
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Subsequently the enant iorrieric S-nitriles can be 
1 hydrolyzec to give either amides or the corresponding acids. 
When the S-acid is desired, the reagent of choice is aqueous 
NaOH containing about 6-8% ^2^2' though acic-ea talysea 
hydrolysis can also be carried bur successfully. The 
5 chemical yields ciin be improved by using a strong polar 
aprotic coir.plexinc solvent such as HMPT for the synthesis of 
2-aryl- propionic acids, or by complexing the cyanide ion as 
a quaternary ammonium salt. This process has the advantage 
that the condensation can easily be monitored in a continuous 
10 process e.g. as E^i^'^Cli' , or C^li^' CK^lKe) ^n'^Clt , applying phase 
transfer catalysis, or by using crystals such as dicyclo- 
hex£no-18-crown-6 . 

The production of the S-enantiomer ic nitriles by 
' Et n'^CN or Na(K)CN can be performed according to known 
15 methods as described by, e.g. J. M. Teulon et al., J. Med. 
Chem. 21 (9) 9C1, (1978), N. Tokutake, Chen. Abstracts 88, 
50512f; S. Kothicki et al. , Chem. Abstracts 90, 1036526; H. 
Kcbler et al. , Liebig* s Ann. Chem. 1946, (1978); T. Amano et 
al., Chem. Abstracts , 13, 2611 p; Nissan Chemical Industries, 
20 Ltd, Chem. Abstracts , 101 90603e, (1984), Nissan Chemical 
Industries, Ltd., Chem. Abstracts , 101, 6855 h; J. A. Foulkes 
and J. Button, Svnth. Commun. 9 (7), 625 (1979). However, 
these procedures mentioned lead to racemates, only. 

Usually, the 2-ary 1-alkanoic acids especially those 
25 of the 2-aryl-propionic acids, are scarcely soluble in water; 
therefore at the end of the reactions the optically active 
2-ari'l-'propionic acids can easily be isolated by filtration, 
etc. However, avoiding filtration, crystallizations from 
organic solvents etc., a suitable method for further 
30 purification is distillation at high vacuum ( -0.06 mm Hg) 
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cue to the low melting and boiling points of the correspond- 
ing enantiomers of the 2-ary 1-propionic acids. Fur therir.ore , 
a pharmaceutical product as pure as required by U.S. 
Pharrr;acopeia is obtained by acid-base treatment of the 
product isolated by filtration, precipitation cr distillation 
in high vacuum. 

The main advantages of the present s tereospeci f ic 
synthesis of 2-ary 1-propionic acids from an industrial point 
of view are as follows: 

i) the process is enant io-se lective and 
provides 2-ary 1-propioni c acids in high chemical yields and 
with an enantiomeric ratio higher than the epimeric ratio of 
known synthetic methods; 

ii) the reaction solvents are of economically 
low cost and have safety advantages; 

iii) the chiral complexes can be re-used and act 
at high enantiomeric excess for either enantiomers, R- or S-; 
so reducing the costs for new chiral complexes; 

iv) no further complexes are needed, since the 
reactions do occur either by retaining configuration, or in 
case of the production of the optically active nitriles are 
formed in high chemical yields and high optical purity with 
no racemization; 

V) the auxiliary substances are economical and 

of low cost; 

vi) the different chemical steps can be 
performed or reduced to two reactors, since the intermediates 
do not need to be isolated; 

vii) the optically active 2-aryl-propionic acids 
(S or R) can be separated from the reaction mixture by simple 
filtration, precipitation or distillation in high vacuum; 



viii) no high energy costs for carrying out the 
synthesis on a industrial scale are ir.volved. 

A Suitable ccir.pound fcr-ec fcy rhe 2-ary 1-propionic 
acid preferably in the S-fcrr. icr pharrr.aceut ical use is the 
ccrr.pleM between 1 -c.r.ino-1 - decxy-D-cluci tcl { D-clucan;ine ) and 
the £-( + ) 2-ary 1-propionic acids. These ccr.pounds have the 
advantages of being water-soluble, they are mere lipophilic 
when used as or in transderrr.al delivery systen-^s and do reveal 
antimicrobial activities _in vivo and i^ vitro due to their 
surface activity and for- mixed r.icelles with phospholipids. 

It has been found, for example, that 1-amino-l- 
ceoxy-D-clucitol foriris, e.g. with R- ( - ) -ibuprof en a 1:1 
coiT.plex that is hydrogen bonded (Fig. IC). The crystal has 

o ' o o 

cell dimensions of a = 8.275 A, b = 40 . 872 A, and c = 6 .420A, 
with four molecules in the unit cell, having the space group 
P 2^2-j22 (#19). The complex structure of the l:l-com.plex 
reveals a strong bond between the hydrogen of the carboxyl 
croup of the S-ibuprofen and the 0^-cxygen of the 
1-am.ino-l-deoxy-D-glucitol with no involvement of the 
hydrogen of the 1-amino- group (Fig. 10) , similar to the 
S-(+)- ibuprof en-D-glucamine complex. 

The (R, S) -ibuprof en forms a l:l-com.plex also, 
showing both enantiomeric (S) - (+) ibuprof en-D-glucamine 
structure as well as the corresponding R- (-) -ibuprof en-D- 
glucamine structure (Fig. 11). 

Having established the stoichiometric complexes 
between S- (+) -ibuprof en and D-glucamine or D-ribamine, it is 
possible to prepare a pharmaceutical formulation on the same 
chemical basis, e.g., interaction between the carboxylic 
acids and the hydroxyl of the D-glucamine, in a melt. The 
resin of such melt is, e.g., polyoxyethylene glycolates, 



polyc::yethy lene units in general having an average molecular 
weight of 400 to 6000, at most. Pol yoxypropy lene oxides are 
very useful, also, since they are able to provide acceptors 
for hydrogens delivered from the carboxylic acids due to 
deprotcnation , forming very stable hydrogen bonding between 
the 2-aryl-alkanoic acids and this matrix. There are several 
advantages of such a pharmaceutical formulation over 
microcrystals of the pure drug, e.g., S- (+) -ibuprof en , 
dissolution properties, filling in hard capsules due to easy 
handling, and importantly the £-(-*-) -ibuprof en , naproxen and 
other 2-ary 1-propionic acids of the enantiomeric pure state 
do behave physically the same in the melt as well as in 
aqueous solutions yielding a semidilute m.olecular solution 
of, e.g., S- ( + ) -ibuprof en within the melt. This unexpected 
behavior in the melt as well as in aqueous solution which is 
provided by scattering experiments and will be described in 
conjunction with an example, provides stability of 
S- (+) -ibuprofen and retention of chiral configuration without 
any racenization vhich occurs, e.g., cn putting pressure on 
R- (-) -ibuprof en tablets, or microcrystals due to changing of 
the molal volume of the R-enantiomeric form. This can happen 
to S- ( + ) -ibuprof en microcrystals upon pressure also, so it is 
desirable to have a solid pharmaceutical formulation which 
inter alia avoids these disadvantages. Furthermore, the 
resin built up of poiyoxyethylenoxide units having a chain 
length corresponding to molecular weights between 400-6000 
normally have melting points of about 50-55**C, can dissolve 
completely S- ( + ) -ibuprof en as a molecular solution in the 
melt. The drug behaves in this melt as a molecular solution 
of a solute (drug, e.g. S- (+) -ibuprof en , S- ( + ) naproxen) in a 
solvent (poiyoxyethylenoxide) according to the laws of 
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solution chemistry in a physical sense. This implies that 
there is no segregation of S- { + ) -ibuprof *=^n from this melt, 
unless the solid solution is ever saturated by the drug. 
These isotropic solutions of S- ) - ibuproien in polyoxy- 
ethylenoxide (solvent) in the melt as well as diluted in the 
aqueous media can be followed by sir.all-ancle X-ray and 
neutron scattering, and can be ccrpared to the solid state of 
the melt also (Figure 12 and 13), 
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Especially, chiral compounds applied as medicinal 
drugs in certain pharmaceutical formulations can cause 
difficulties, e.g. racemizaticn , changing in a different 
polymorphic physical form, deterioration of the enantiomeric, 
active drug, ,as well as undesired side effecrs with regard to 
in vivo and in vitro dissolution. Ir. order to improve 
stability, retention of configuration upon pharmaceutical 
formulation with respect of pure enantiomeric 2-ary 1-alkanoic 
acids. e.g. s- (+) -ibuprof en , S-(+) naproxen, including 
suitable dissolution rates in vitro and in vivo, it has been 
discovered that these achievements can be accomplished by 
dissolving enantiomeric pure 2-ary 1-propionic acids in a 
m.elt. consisting of polyoxyethy lene glycol, poloxyethy len- 
oxide or mixtures of these having weight average molecular 
weights between 300 to 5000. In addition, these resins are 
mostly water soluble when coming into contact with watery 
solutions e.g. emulsions, suspensions including 

microemulsions and in matrixes with oil in comisination with 
wax or paste which are normally used for fillings in soft 
gelatin capsules. These, and other non-aqueous solutions, 
emulsions, etc. of pharmaceutical interest are described by 
Schick et al., "Emulsions and Emulsions Technology," Vol. 6, 
surfactant Science Series , II, Chapter 13, "Ccsm.etic 
Emulsions," 1974, 729-730, ed. J. Tissaut - Marcel Dekker 
Inc., N.Y., U.S., M. J. Schick in "Nonionic Surfactants," 
Phvsical Chemistry , 1988, Marcel Dekker, Inc. N.Y. , and 
Basel. The EP-No. : 83109839.4 "Anhydrous Emulsion and the 
Size Thereof" teaches the preparation of a pharmaceutical 
preparation which melts at 37 'C, however, on the physical 
chemical basis of a emulsion. However, they do have the 
disadvantage of leaking when filling hard gelatin capsules 
due to thixotropic processes. 
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This newly described process for a melt in a 
1 suitable matrix containing certain amounts of enantiomeric 
2 -ary 1-alkanoic acids or 2-ary 1-prcpionic acid has the 
advan-.-'^es of beinr; i) a real solution in the physical sense; 
ii) e very reliable dosage fcrm of high homogeneity as one 
5 finds in real physical solutions; iii) easy to handle 
technically when using hard gelatin capsules; iv) resistant 
to demixing - phenomena on a molecular basis; v) capable of 
yielding favorite in vitro and ijri v ivo dissolution and vi) 
capable of rapid resorption of the drug. 

10 The surface activity of the enantiomeric 2-aryl- 

propionic acids are bound only to the S-form. This 
particular activity can be enhanced by complexation with 
D-glucamine as stated above or with D-ribamine, as well as by 

' cationic detergents, especially by n-hexadecy Ipyridinium or 

^5 benzethonium cations through binding at the carboxo-groups of 
the S-2-aryl-propionic acids. The enhancement of the surface 
activity and therefore the antimicrobial activity is related 
to the hydrophobic chain of the hexadecy Ipyridinium or 
benzethonium residues due to their low critical micelle 

20 concentrations (CMC) of approximately 1.5 x lo"^ Mol/1 when 
complexed with, e.g. S- ( + ) -ibuprof en. An advantage of this 
pharmaceutical formulation is a dosage reduction due to 
faster penetration of the S- ( + ) -ibuprof en through membranes, 
skin and reaching the target cells faster due to 

25 micellisation and targeting of the S- (+) -ibuprof en . 
Therefore, from a medicinal point of view the use of the 
complexes between 2- (S) -aryl-propionic acids or alkanoic 
acids with cationic detergents, D-glucamine or D-ribamine 
reduces the dosage of the non sterodial substances brought 

30 about by the vehicle function of the cationic surfactants or 
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D-sugar-alcohols, superior than using simply alkali or earth 
1 alkali metals as well as (S, R) -lysin salts of 2-aryl- 
alkanoic acids. 

X-ray diffraction patterns as well as small-angle 
X-ray scattering profiles (Figs. 12) reveal unstructured 

5 behavior in a sense of diffuse scattering. Therefore^ it is 
possible to treat the scattering data at high and low 
scattering angles in a thermodynamic way in addition to the 
overall electron distribution of the polyoyyetheylene chain 
(matrix) and solubilized drug, e.g. S- (+) - or R-(-)- 
10 ibuprofen. It has been discovered that the scattering curves 
of the melt (ligand) containing the matrix and the drug 
(S- { + ) -ibuprofen) dissolved in the melt, have the same 
scattering profile when the solid melt, is dissolved in 
aqueous media. Importantly, it has been discovered that a 
^5 certain degree of clustering of S- ( + ) -ibuprofen or 
S- (+) -naproxen molecules has taken place in the liquid melt 
as well as in the solid melt, partly along the hydrophilic 
linear macromolecules such as PEG 1500 or polyethy leneoxides • 
It has been found that in the liquid melt the weight-average 

20 molecular weight, MW^^^ is of the order 25,000 +/- 5,000, 

app 

sim*ilar for the solid melt and the one in aqueous solution in 

the presence of S- {+) -ibuprofen . The weight-average radius 

of gyration, Rg", is determined to be of the order Rg = 45.0 

+ /- 5.0 A, equivalent of a zig-zac or meander conformation of 

'25 the linear linked -CH2 or -OCHj-units. Upon addition of 

S- ( + ) -ibuprofen or another enantiomeric 2-aryl-alkanoic acid 

?iw is a function of the concentration of the enantiomeric 
t app 

drug which can be described through changes of the second 
virial coefficient and the isothermal compressibility 
30 coefficient of a one-component solution. The decrease on the 
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value of the second virial coefficient observed for S-{+) or 
R-{-) ibuprofen is relatfed to an increase of the included 
volume of the enantiomeric form within the melt. The 
molecular explanation for this unexpected solution behavior 
in the melt (solid, liquid) and in aqueous solution is the 
binding of exposed hydrophobic regions of enantiomeric 
2 -ary 1-propionic acids, e.g. i sobuty Ibenzene or naphthyl- 
groups, to CHj-groups. The free energyA G of this particular 
binding of the enantiomeric drugs of the 2-ary 1-propionic 
acids is of the order of C. 5-0,7 k^.T per PEG molecule, for 
S- (+) -ibuprof en a value of 0.56 k_.T/PEG or 0.50 k_.T 
polyoxyethylene unit has been determined. Similar values, 
although different as found for the S-enantiomers , were 
discovered for R- (-) -ibuprof en • of 0.45-0.51 k«.T per PEG 
molecule or 0.46kQ.T per -CH.O-unit.. -The racemate has a 

A B Z 

/\ G-value of 2.5 k_-T/PEG, very different from the pure 
enantiomers. A very likely geometric description of this 
melt as well as where dissolved in aquecus solution is that 
of a necklace chain. The random coils of the PEO- or 
PEG-units are wrapped around the hydrophobic cores of the 
S- ( + ) -ibuprof en or naproxen molecules whereas the hydrophilic 
carboxylic acid is located close to oxyethylene (-CH2-O)- 
units or (CK2)0-units of the PEG. The protons of the 
2-aryl-propionic acids stereoisomers are switching between 
the ethereal or hydroxo-groups of the PEO and PEG molecules, 
respectively, and the carboxo groups, as can be shown by 
FT-IR-investigations also. This situation is also met when 
going into aqueous solutions, supported by the interaction of 
water molecules with the PEO and PEG residues, protecting th*i 
2-aryl-propionic acid steroisomers against pH, undesirec 
protonation, racemization at alkaline pH, and keeping 
retention of configuration. The scattering curves {Figs. 12 
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and 13) of the solid melts, e.g. PEG or PEO with the 
solubilized S- (+ ) -ibuprof en do net show any interpart ic le 
interference effects, even when performing the experiments in 
aqueous solutions. It has been discovered that these 
particular melts, containing S- ( + ) -ibuprcf en do not show any 
demising phenomena when liquid, with increasing temperature 
as does PEG and PEO in aqueous solution. Interestingly, this 
is also found in aqueous solutions also, when the melts 
(solid) go into solution between 37-40'*C; normally mixtures 
of this )cind do separate with increasing temperature 
.(phase-separation) , depending on the components of the 
mixture when reaching the phase-separation temperature. This 
is not the case as observed in this invention, since the 
repulsive forces due to the addition of the enantiomeric 
2-aryl-propionic acids are being reduced in the melts as well 
as in aqueous solutions. This is also manifested through the 
recording of the scattering curves at high scattering vectors 
of the melts (Figs. 14, 15). 
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The following examples are given further for purely 
illustrative purposes of this invention without in any way 
liir»iting the sarrie. 

All synthetic procedures tor cJDtaining 
nveric 2-carbinols: have to be carried out in the absence of 
5 moisture, preferably under nitrogen atiriosphere . 

The _ (2£ , 3K) -^4 -cirr.ethy iair.ino- 3-ir.e thy 1 1,2- 

dipheny 1-2-butanol (R*OH) should have an ( a + 8.00* (c 

9.52, EtOH) , mp 56**C, and stored in an desiccator over P^O^^ 
in the presence of K^. This alcohol can be recovered from 
the hydrochloride and can be repeatedly reused. The 
solvents, ether (Et^O) , THF , 1 , 2-dimethoxy-ethane and benzene 
are distilled over LiAlH^ and should be stored over molecular 
sieves. The stock solutions of LiAlK. should be stored under 

4 

# and passed through a glass filter . {IG2) under before 
use. 
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EXAMPLE 1 

Preparation Of R- (-f ) - 2- ( 4-1 sobutvl-Phenvl-) Hydroxy ethane 

lOg of R*OH are dissolved in 10 ml Et20 at CC, and 
10 ml of a IK solution of LiAlH^ are added to the ethereal 
solution of R*OH at 0**C, under continuous stirring; a white 
pasty precipitate develops at C°C. It is important that this 
precipitate be well stirred, so a white, homogeneous 
suspension can develop. After forming the R*OH"LiAlH^ com*plex 
which should be completed within 5 m.inutes at 0°C, lOg 
(Smmol) of 1- (4- I2-methylpropyi;i -phenyl) ethanone dissolved 
in 10 ml ether 0®C are added dropwise to the suspension under 
continuous mixing by keeping the temperature between 0**C to 
5*C constant for one hour. The suspension gives a clear 
colorless solution after adding the ketone which is left for 
completing the reaction for 12 hours under continuous mixing 
between 0**- S'^C. This mixture is hydrolyzed with 0.5 ml of 
water, and diluted with hydrochloric acid which is added in 
order to dissolve the R*OH for later reuse. Mixing is 
continued for two hours at 20*C, until a transparent solution 
is achieved again* 

The clear solution is extracted with Et^O, leaving 
R*OH'HCl in the aqueous phase, and the R- (-^) -2- (4-isobutyl) - 
hydroxyethane in the organic phase. The ethareal extracts 
are combined, concentrated and distilled in high vacuum (0.1 
mm Hg; b.p. 80**C) which gives a clear, colorless fairly 
viscous liquid (l.lSg, 94% yield), containing no unreduced 
ketone as measured by HPLC-techniques and confirmed by the 
absence of the carbonyl infrared stretching frequency. The 
optical purity is determined by conversion to the MTPA 
derivative and by measuring the NMR-spectrum gives a value of 
98% e.e. 

Neutralization of the acid extract yields recovered 
chiral R*OH with [a]^°+ 8.21** (C 11-0, EtOH) • 



It is observed that addition of molecular sieves, 
e.g. as zeolites, increases the kinetics of formation of the 
enantiomeric R (i- ) -carbinol at 0°C, from the reduction of the 
1- (4- [2-methylgropyl] phenyl) ethanone. 5c of R*OH are 
dissolved in 5ml Et^O, or THF, benzene, 1 , 2-dimethoxy ethane, 
toluene, in the presence of 0,2g comjnercially active 4A 
molecular sieves, and heavily stirred under a stream of N^* 
To this mixture a solution of 5ml of a IM solution of LiAlH^ 
is added at O^C, under continuous mixing. The -taction time 
for converting the unsyrrjT;etr ical ketone tc the corresponding 
ejiantiomeric R-carbinol can be reduced to two hours or less. 
For technical reasons the molecular sieves can be centrifuged 
and reused as well as R*OH as described above. 

In another procedure the ketone is added 
immediately after forming the reagent, R*OK'LiAlH^, in the 
presence of the molecular sieves, which has the advantage 
that no unreduced ketone is present in the R-carbinol 
produced. This is especially important to achieve almost 
quantitative chemical yields of unsubstituted R-l-naphthy 1- 
hydroxyethane, or R-1- [ 2-f luoro-4 -diphenyl] -hydroxyethane , 
[4-chloro-2-phenyll -hydroxyethane , R-1- [ 6-hydroxy-2- 

naphtyl] -1-hydroxyethane and R-1- I6-methoxy-2-naphthyl] - 
hydroxyethane . 
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EXAMPLE .2 

Preparation Of S-l- ( 4 -I sobuty lohenvl ) -Hydroxye thane 

iOg of R"CH (35 nur.ui) are dissolved in 20n:l Et^C, 
and 15.6 mmol of LiAlH^ , dissolved in 30 ml. of Et^o are added 
and stirred at ZO^C in the presence or 0.2g rr.olecular sieves. 
5 The suspension is refluxed for 10 minutes under continuous 
stirring in the presence of the molecular sieves. The 
solution which should have clear supernatant in the presence 
of the molecular sieves is stored at. 20°C for 20-24 hours in 
case of no rapid mixing; however, upon rapid mixing at 20®C 
10 the formation of the chiral complex in the presence of 
molecular sieves is complete after two hours. The reduction 
is carried out as described above by adding dropv/ise lOmmol 
(2.0g) of 1- ( 4- (2-methylpropyl) ] phenyl-ethanone and leaving 
the solution to react for 8 hours • The reaction time v^ith 
respect to reduction to the corresponding S- (-) carbinol can 
be decreased by rapid mixing in the presence of the molecular 
sieves v;ithout. raising the temperature above 20'*C- The 
processing of the S- ( -) carbincl is the same a.s described 
above. 

The optical purity is determined to be 97% as 
determined by NMR methods and the chemical yield of pure 
product is almost 95%. 
' : The reduction of the ketone can be performed in 

aprotic solvents, also, e.g. benzene, toluene or hexane. In 
<^5 order to have good chemical yields of enantiomeric carbinols 
it is necessary to perform these reactions under vigorous 
stirring in the presence of molecular sieves and glas3 beads. 
The reaction tiines, modes of addition of the unsymmetrical 

« 

'•; ketones, ratio of R*OH to LiAlH^ and temperature conditions 
30 are the same as described above. 
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The reduction described above can be carried out in 
well stirred, continuous tank reactors because it is 
particularly suitable lor liquid phase reactions in large 
scale industrial productions. It gives a consistent product 
quality (optical purity) ease cf au-coir.atic control and lew 
man power requirements. Since in a stirred tank rec.ctor the 
reactants, e.g. K*OK.LiAl}:^ and the ketone, are diluted 
immediately on entering the tank which favors che desired 
reaction (constant ratio of LiAlH^ R*0K) and supresses the 
formation of byproducts, volume ar.c temperature of the tank 
are readily controlled, so hot spots are less likely to 
occur, especially in the presence of molecular sieves when 
the continuous stirring is well adjusted. 

The chemical yields are of the order of 55-98% in 
the absence of moisture and high vacuum distillation of the 
enantiomeric carbincls . 
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EXAJ-iPLE 3 

Reduction Of The Ketone With (-) 2 , 2-Dihydroxy- 
1 , 1 -Binaohthy 1 To S- (-) -I- ( 4-1 soburvipheny 1 ) -Hydroxy ethane 

To a 1.5K THF solution of LiAlH, (8.0 irunol) under 
nitrccen atmosphere in the presence of molecular sieves (0.2g 
4A zeolites) ethane! in TKF (2M, 8.50 miriol) are added at 0°C. 
This solution is continuously stirred when S-{-)-2,2'- 
cihydroxy-i , i-binaphthyl resgent (8.5 mmol) THF (0.64 mmol) 
is added at 0°C. After addition of the S ( - ) -2 , 2 * -dihydroxy- 
: , 1-binaphthyl reagent at C^^C, the solution is stirred 
continuously for one hour at 20**C without having developed a 
white precipitate as observed normally. The chiral reagent 
formed is cooled down to -20**C, and 2.50 mmol of l-l4-(2- 
methylpropyl) ] pheny 1-ethanone , dissolved in THF (IK 
solution) is added under continuous mixing and kept for 8 
hours at -20®C under continuous stirring. The reaction is 
stopped by adding 1 . ON HCl at -20''C, the chiral reagent 
recovered, and the work-up- with ether followed by 
distillation afforded optically pure S- {-) -1- (4-isobuT:yi- 
phenyl) -hydroxyethane , 310 mg, .81%, in an optical yield of 
almost 95% in enantiomeric excess and configuration. The 
chiral reagent can be be reused after recrystallization from 
benzene v.'ithout any noticeable racemizaticr. . 
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EXAI'^iPLE 4 

1 Preparation Of S- (-^ ) -2- I 4 -I sobut y loheny 1] Propionic Acid 

IC g of S- (-) -1- l4-isobutylphenyl} -hydroxyethane 
(56 miuol) are ^iissolved in 20 ir.l 1.4 cioxane at 20''C in the 
presence of molecular sieves 4A under stirring. 5.0 ml SOCl^ 
5 (= 60 mmol) , dissolved in 5 ml 1.4-dioxane, is added dropwise 
under continuous stirring over a pericd of 10 minutes by 
keeping the temperature at 20®C. After one hour the reaction 
is complete and the thionyl -chloride is recovered through 
evaporation by bubbling through the solution. The 

10 S- (-) -1- [4-isobutylphenyl] -chloroethane does not need to be 
separated since the solution is used immediately for 
m.etallation with Mg or Hg (OOC CH2)2- '^^ this solution 
containing llg of S- {-) -1- (-)- [4-isobutylphenyl] -chloroethane 
1.40c Mg {0.055 K) in the presence of iodine is added at O'^C, 
and after a period of 10-30 minutes a vigorous reaction 
starts, so sometimes cooling may be necessary in order to 
avoid Wurtz synthesis and biradical production. The solution 

■ 

turns from light yellow, to light brown at the end oz the 
reaction when carbon dioxide is passed through the reaction 
20 at O^-S'^C, under continuous mixing. The Grignard comipound 
which is derived from S- (+) -1- [ 4-isobutylphenyl] chloroethane 
(or bromcethane when SOBr^ is used) is diluted by Et^O or TKF 
(or benzene, toluene) when passing dry CO^ through the 
solution under continuous stirring which is essential for 
'•'2^ obtaining high chemical yield of optically pure S- ( + ) 
ibuprofen. The continuous addition CO2 to the S-Grignard 
compound and the production of the S-carboxylic acid makes it 
necessary to add dry 1,4 dioxane continuously as the 
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S-carbo>:y lie acid develops and saturates the solvent. After 
20 minutes the reaction is ccir.plete , is separated from solid 
residues and is transferred to high vacuum distillation. The 
solution is concentrated and distilled at 2minHg (0.06-2mm Hg) 
at 120"=-98''C, to give 9.30g (801) of S-( + ) ibuprofen: NKR 
(CDCl^) S 0.91 {d,J=7H, 6K), 1-SO (d,J=8Hz, 3H) , 1.84 
{nonet , IH) , 2, 96 (brd, 27K7 , 2H) , 3 . 7 2 (c , 1 K), 7. 01-7. 32 
(AA'E3',4H), 9.7S (br. si H) . l^]^^ +56= (95%, EtOH) . 
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EXAMPLE 5 

Preparation Of R- (-) -2- [Isobutylphenyl] -PropiGnic Acid 

The same procedure can be performed as outlined in 
Example 3* However, the R- ( + ) - 1- [ 4 -isobuty Ipheny 1 ) -chloro- 
ethane can be easily produced from S- (- ) -1- 1 4 -isobuty 1- 
phenyl] -hydroxyethane by reacting SCCl^ in pyridine in the 
presence cf water. lOg of S- {-) -1- [ 4-isobutylphenyl] 
-hydroxyethane (56 mitiol) is dissolved in 15g pyridine, 
containing 10% (w/w) water at 20**C. Under continuous mixing 
6.7c SCCl^ (equivalent to 4.1 ml) is added and refluxed for 
20 minutes. After removing the excess of SOCl^ and pyridine 
(b.p. 116°C, 760 mmHg) the chloride is distilled at SmjuHc (bp 
98. 3*^0 to give 9.59g of R- ( + ) -1- l4-isobutylphenyl] - 
chloroethane (86.6%): NMR (C Cl^) 6 0.90 (d, J ,7Hz , 6H) , 1.84 
{d,J7H2,3H) , 1-86 (nonet, 1 H) , 2.48 (d , J=7Hz , 2H) , 5.15 { q, 
1 K), 7. 10-7. 44 (AA'BB'4H). Analysis: calc. for C^^H^^jCliC 
73,26;H,8.7 , CI, 18.01, found: (73,40%H: S.79% CI 18.09% 
[a]^^ - 29.5^ (C 1.9%, (CCl^); 

The corresponding Grignard reagent (0.9M-1.5K) in 
EtjO is prepared in approximately 80% yield by adding slowly 
a solution of the halide in Et^O to magnesium at 4°C as 
described above in Example 3. The procedure for carbonation 
or mecuration in the presence of (COCCK^) 2 ' I^g (CK)2J2 
HgCl2 is similarly as described in Example 4. The chemical 
yield of R- (-) ibuprofen is 78% and the optical purity almost 
98%. 



EXAMPLE 6 

Synthesis Of S-(+) Ibuprofen 
Via ilitrile And Subsequent Hydrolysis 

lOg R- {+)-!- [ 4 -isobutylpheny 1) -ch lor oe thane (50.5 
rrjT.ol) are dis^solvec in 25 n.l EtOH and 15 nil water, and 
reacted vith 2,95c (60 ttjtioI) sodiun cyanide dissolved in 10 
ml water under dropwise addition of the cyanide solution 
under continuous stirring. The mixture is refluxec for one 
hour and allowed to cool down to 20®C. The precipitated 
sodiuir. chloride is filtered off and the supernatant, 
containing water and EtCK are dried and EtOH is distilled 
from the remaining liquid, which contains the S-(+)-l-I4- 
isobutyl phenyl] -ethyl cyanide. (Chemical yield 88%). This 
S-( + ) cyanide is dissolved in 15 ml EtOH and 30 ml v;ater, 
which contains 9c (0.45 mol) sodium hydroxide and 10% (w/w) 
HjO^ and heated under reflux conditions for one hour. After 
cooling to room temperature the reaction mixture is diluted 
with 100 ml water until a clear and transparent solution 
appears. This solution is cooled down to O^^C and 100 ml of 
diluted hydrochloric acid is subsequently added, when 
S- ( + ) -ibuprofen precipitates as small crystals. The 
S- ( + ) -ibuprofen crystals are collected, washed with dilute 
hydrochloric acid and dried over Ca C1-. The chemical yield 
is 94% and the melting point was 51**-54^C l^lj + 60* (95% 
EtOH) • 



EXAMPLE 7 

Synthesis Of S- ( + ) -Ibuprof en From The 
H- ( + ) -1- [4-Isobuty IPhenyl] -Chloroe thane VJith 
Sociurr Tetra Carbonvl-Ferrate And Carbon Monoxide 

lOml R- (+) -1- [4-iscbutylphenyl] -chloroe thane (50.5 
mmol) are dissolved in 15C r.l of dimethyl formamide (DMF) 
(0.033^) under rapid mixing and Kj-stream, 10 -8g 
sodiun-tetracarbonyl-f errate-II which is freshly prepared by 
treatirient. of i r on-pent acarbcny 1 Fe (CO) ^ with sodium amalgam 
and THF at 20*'C, are added by continuous mixing. The 
solution is cooled down to 10**C and a stream ol carbon 
monoxide is passed through the solution. Normally, the 
reaction is finished after 1-2 hours, depending on 
temperature and solvents (TKF, DyiF^DMSQ); however, it can 
easily be monitored when an excess o.f carbon monoxide is 
leaving the solution in the presence of . The oxidative 
cleavage to the corresponding S- ( + ) -2- [ isobuty 1 phenyl] 
propionic acid is achieved by adding an aqueous solution of 
scdiuir hypochloride with subsequent addition of 0 . IM 
hydrochloric acid by keeping the reaction temperature at 
10 *C. Care must be taken to add enough hydrochloric acid 
since most of the protons are used for precipitation of 
S- ( + ) -ibuprof en. in aqueous solution for recovery of the free 
acid. 

The corresponding cunide from S- ( + ) -ibuprof en can be 
prepared by using triphenyl phcsphine (Ph^P) instead of 
carbon monoxide in the presence of sodium tetracarbony 1 
ferrate (II) (Naj Fe (CO ) 4) • lOg of R- (+) -1- [4-isobuty 1 
phenyl] -chlorethane are dispered in 30 ml benzene in the 
presence of 10 -Bg sodium tetracarbonyl ferrate- (11) at 20**C. 
13 •4g triphenyl phosphine (0.051 mol) dissolved in dry 
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benzene are added drcpwise during a period of time of 20 
i minutes under atmosphere. The mixture is refluxed under 

continuous stirring for three hours, the reaction mixture is 
left standing for one hour at 20°C with subsequent quenching 
of the reaction with methy l-benzy lamide . The small crystals 
5 of S- (+) -ibuprof en methyl benzylamide are filtered off, 
recrystallized from. THF/DMF, and analyzed by HPLC-methods for 
optical purity: the KP^C-ana ly si s shows the presence of 98% 
diastereisoner correi^ponding to S-2- { 4 -isobuty 1 phenyl) 
propionic acid at retention tim.es of 2,75 minutes and 2% 
10 diastereisomer corresponding to R-2- ( 4 -i sobuty 1 phenyl) 
propionic acid at retention tim.es of 2,38 minutes. The 
chemical yields for producing the S-2-carboxy lie acid from 
the corresponding R- (+) -1- [ 4-isobuty 1 phenyl] -chloroethane 
a^e, in the presence of carbon monoxide, almost 95% with an 
15 optical purity of 95-98%, and 90% in the presence of 
triphenyl phosphine, respectively. 
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EXA-MPLE 8 

Preparation Of Complexes Betv;een 
S-(-H)-IbuDrofen And l-Arriino-l - Deox vD-Gluci tol 

206.27' (250.0) mg S- ( + ) - ibuprof en and 236 . 72 
(181.19) mg of 1 -amino-1 -deoxy-D-g luci tcl are dissolved in 6 
ml cf water, subsequently treated at sS^C, and sonified for 
one hour. The clear solution car. be stored and used for 
iTiedical practice after sterilization. The complex can be 
crystallized from ethereal or alcoholic solution by adding 
these solvents at 20°C, under continuous stirring to an 
aqueous solution of S- { + ) -ibuprof en and 1 -amino-1 -deoxy-D- 
glucitol (pH 7.5). The ir.icrocry sralline precipitate can be 
collected by filtration with subsequent drying over CaCl^ 
under N2--atniosphere . In addition, if no crystalline 
specimens are desired, the m;icrocrystal line precipitate can 
be centrifuged., the supernatent is discarded and the 
precipitate is dried over P^O^/CaCl^ at 30*C melting point of 
the amorphous complex is 61**C; of the crystalline specimen 
59*C, using other precipitating solvents, e.g. acetone or 
alkyl-aryl-ketones , DMF and petroleum ether different 
crystalline forms are observed revealing a certain degree of 
polymorphism of these particular complexes. 
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EXA^'PLE 9 

""^ Synthesis Of S- (-h ) - 2- ( 6-Ketho>:y-2 -Naohthy 1 ) -Propioni c Acid 

Very good chemical yields (80%) of this compound 
are obtained in high optical purity (95%) according to the 
routes outlined in Exar.ples 4 and 5, especially when using 
5 Collir.an's reagent in the presence of carbon monoxide with 
subsequent hypochlorite oxidation. 

Recrystallization of the raw material with mp 
252-253^*0 yields crystalline specimens having a melting point 
of 154^C (lit mp 152-154^0; [ci]^^ + 64.5^ (C - l.OS CHCI3), 
10 KMR (CHCI3); 1,6 (D, 3H, CH-CH^); 3.92 (S, 3H, OCH^), 3.88' 
(g, IH, CH) and 7-7.9 (m, 6H, aromatic). 

MS resulted in the following spectra (FAB, glycerol 
matrix): m/z = 23, IM + H]'*'/l85 [M-HCOOH+H] , 323 [M+6+H]"^, 
115 I6+Na] and 229 [M-H] " with 6 = glycerol. 
"^^ Measurements of the optical purity of this compound 

are accomplished by converting the carboxylic acid to the 
corresponding amide using S- (-) -methylbenzyl amine as 
described above, using HPLC-techniques which give the 
following results: 

the chromatographic composition of the formed 
diastereoisomers are 3-6% R-2- ( 6-methoxy-2-naphthy 1) - 
propionamide (6.15 min) and 96.4% S-2- ( 6-methoxy-2- 
naphthyl) -propionamide (6.95 min) . 

P-3 
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EXAMPLE 10 

Synthesis Of S- ( + ) -2- ( 5-Broino-6-Methoxy-2- 
Naphthvl ) -Prooioni c Acid, As Methyl Ester 

After stereospeci f ic reduction of the ketone as 

described in Examples 1 and 2 with ( + ) - ( 2S , 3R) -4 -dime thy 1- 

amino-3-methyl-l-2-dipheny 1 2 butanol and LiAlH. to the 

4 

corresponding R-carbinol, subsequently converted to the 
R-halide and treatment with sodium tet r acarbony 1 ferrate-II 
in the presence of tripheny Iphosphine yields the 
corresponding carboxylic acid i.. a chemical yield of 75% 
having an optical purity of almost 95%. The melting point, 
mp, is determined to be 168*C; [ a +42.7 (0.8%) in 

chloroform. The methyl ester is easily obtained by reacting 
the carboxylic acid with diazo-methane , following evaporation 
of the solvent under reduced pressure, which gives the 
optically pure S- (+) -2- (5-bromo-6-methoxy-2-naphthyl) - 

propionic acid methylester. 

Melting point, mp 96*C; I a + 52.5 (c = C.5, 

CKCl^) . The product is considered to be optically pure by 
H-MMR (200 MHz) analysis, which is carried out in CHCl^ 
applying an optically active shifting agent as described 
above (EuIII-trix I 3-heptaf luoropropy Ihydroxy methylene) -d- 
camphorate] . 



10 
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EXAMPLE 11 



Synthesis of R- (-) -2- (5-Bromo-6- 
Methoy.v-2-HaDhthyl ) -Prcpionic Acid 

Pertorming the reduction ox the ketone with (-) 2,2 
cihydroxy-1 , 1 ' -binaphthyl-LiAlK^-ROK complex, as described in 
Example 2 in the presence of molecular sieves, yields an 
optically pure S-2- {5-bromo-6-methoxy-2-naphthyl) -hydroxy 
ethane (98?) in almost quantitative chemical yield. 
Following the route via nitrile with following oxidation to 
the corresponding carbcxylic acid yields in almost 75% 
chemical yields of the optically pure R- (-) -2- (5-bromo-6- 
methoxy-2- naphthyl) propionic acid, having a melting point = 
168-C; la]^ -42.0 (c = 0.6%, chloroform). 



20 



J?5 



30 



35 



-65- 



EXA.MPLE 12 

Synthesis of 2-S- (+ ) - ( 4 -Chlcrpheny 1 ) -3-Methy 1- 
Hutar.oic Acir. Fror 2- (4-Chlcrphenyl) -S-Methylbutsncr.e 

The ketone car. be prepared froirt 3-ir.ethy 1-buty ry 1 
chloride (128.6 g = 1,07 ir.cles) through Friedel-Craf t s- 
reaction with a lu.T.iniur. chloride (153.7 c = 1.15 ir.oles) in 
methylene chloride under the continuous addition of 
chlorbenzene (100 c = .C,80 ir.oles). The stereospecif ic 
reduction of this ketone with (+ ) - { 2 £ , 3R) - 4 -dimethy laminc- 3 - 
methy 1-1 , 2-diphenyl-2-buzancl in the presence of LiAlK, is 
performed at 20''C as described in Exair.ple 1. The R-carbinol 
which is 90% pure with respect to optical purity is converted 
to the corresponding R-halide w*ith SOCI2 and pyridine, 
subsequently treated with sodiuir.tetracarbonyl-f errate-II in 
the presence of carbon monoxide as described in Example 5. 

The obtained crude carboxylic acid is purified on 
DEAF-Sephadex-A50 , applying a linear gradient at pH 7.3, 
ranging from O.OOIM K^HPO^ to 0.01 M K^HPO^ in a total volunie 
of 1000 ml. The fraction containing optically active 
materials {+) are pooled, lyophilized and investigated for 
optical purity. The overall chemical yield is 71%, [a]^^ + 
3S.7 (c 0 1%, chloroform). 
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£XA>^iPL£ 13 

The corresponding biphenyl and phenoxy-propionic 
acid derivatives can be prepared following the same 
procedures as outlined in the Exarr.ples 1-5. Belov; are listed 
some corr.pounds which are prepared in acccrdance with the 
routes of Example 1-5, showing the optical activity and 
cheiPical yields. 

S- ( + ) -2- {2-f lu or o- 4 -biphenyl) propionic acid, 
la]^ +44.7^ chemical yield 80%, 

S-( + )- 2-(2-[4 - ( 2-f luorcphenoxy ) phenyl] ) propionic 

acid, having (a^^^ -*-49, cherriical vield 70%, and 

u 

S- (+) --2- (2-hydroxy-4-bipheny 1 ) propionic acid, 
[ a +47. 



EXAMPLE 14 



Preparation Of Solid Kelts Of 
S- Ibuorof en And Polyethy ler.cl ycol 15C0 

500 g of polyethylenglycol 1500 are melted in the 
absence of w^ter in a container at 55°C+/-3*'C, under 
continuous stirring. Solid 50C c £- ( + ) -ibuprof en is added 
under continuous stirring, also. It is possible to rr.ix 500 g 
of polyethylenglycol 1500 with 500 g S- (+)- ibuprof en and melt 
the mixture in a container under stirring ^t 55^*0. A clear, 
liquid melt is formed which is transparent when viewed at day 
light, when the liquid melt is cooled down to 40**C. This 
liquid (4G°C) can be filled in hard gelatin capsules easily 
in any dosage form one would like to have. After, the 
appropiate filling the hard gelatin capsules are left at 
approximately 32**C, where a solid is being obtained which 
does not need to be sealed. 

In order to accommodate fast solidifying of the 
liquid contents of the mixture, one can add some crystalline 
seeds of either S- ( + ) -ibuprof en or (R, S) -ibuprof en in order 
to increase the number of nucleation sites. 

Although the invention has been described with a 
certain degree of particularity, obviously many changes and 
variations are possible therein. It is therefore to be under- 
stood that the invention may be practiced otherwise than 
specifically described herein without departing from the 
scope and spirit thereof. 

Particularly preferred are the following embodi- 
ments according to the invention : 
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The present invention relates to a stereospeci f ic process for 
preparing a pharmaceutically active compound in stereospeci fic 
form selected from the group of compcundG having the formula 



R 
1 

Ar — C — COOH ( I ) 

I 

H 



and their ohysiolocicolly coroacible salts and esters, 
vherein R is a lover alkyl and Ar a iTionocyclic, poly- 
cyclic or or t hocondensed polycyclic aro".atic croup 
having up to 12 carbon atOms in the aromatic ring, and 
which may be substituted or unsubst i t uted in the aromatic 
ring, comprising the steps: 

a) reacting a carbonyl substrate of the formula: 

R 
I 

Ar C = C ( I • ) 



v:h3re R and Ar have the meanings given above, with a 
scar eospecif ic reagent in . the presence of a reducing agen 
and an organic solvent -to form the enatiomeric carbinol 
and 



b) reacting the enant iomier ic carbinol obtained to form 
the end product. 



According to the invention it is preferred 
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that R is 6 to. Cc,/ preferably « - C,, particularly 
preferably c clkyl, and the aroxatic croup is a pher.y 
ciphenyl or naphthyl croup, and the substituents of said 
aroiTiatic groups rr.ay consist cf one or rr.ore halocen ator:S 
C, - alkylene, benzyl, hydroxy, - C^alkoxy, 
phenoxy, and benzoyl croups, 

that Ar is selected fron the croup consisting of 

4 - i s obu t y 1 phe ny 1 

6 - ::. e t h o X y - 2 - n a p h c h y 1 

3 - p h e n o X y - p h e n y 1 

2 • - f luoro-4-di phenyl 

4 ' - f luor 0-4 -ciphenyl 
5-chloro-6-iT.et hoxy-2-naphthyl 

5- br OTiO-6"Tie t hoxy-2-naphthy 1 
4 -ch lor c -phenyl 

4- Gi f luoro-methoxy-phenyl 

6- hydroxy- 2- naphthyl and 

5- brcrr»o-6-hycr oxy-2-na?hthy 1 , and preferably 



that the carbonyl substrate has the foritiula: 

I 

;s^^ C = 0 , and preferably 

that: the stereospecif ic reagent is ( + )-4-diinethylamino-3- 

methyl-1, 2-diphenyl-2-butanol^ 

2,2'-dihydroxy-l,l • -dinaphthyl or 

( IS, 2S)-( + )-2-amino-l-phenyl-propane-l,3-diol or 

( IR, 2R)-( - )-2-amino-l-phenyl-propane-l,3-dio or 

S- ( - ) -1 , l-d±phenyl-prollnol, 

for the stereospecif ic reagent the reducing agents in con- 
junction with the chiral complexing agents are selected from 
the group comprising: 
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= ) LiAlH^, Li3H^, -^'^^H^ and KBH^, Li.-.l;-:_j beir.b ^referred/ 
b) NaAlH,, AlH,.THr, Hg(AlH,)., 5H3.TH? 

C) AKBHjj.THF; Ca ( BH, ) , . THF ; Sr ( 5h\ ) , . Et ,0 ; BaCEHJj- 
Er,0(THF)^ preferably 
the stereospecif ic reagent forms a complex of BH3 . THE and 
S-( - )-l / 1-di phenyl -prolinol or 

a complex of LiAlH^ and ( + ) -4-dime^hylamino-3-methyl-l , 2- 
diphenyl-2-butanol or a complex of LiAlH, and 2 , 2 ' -dihydroxy- 
1,1' -dinapht?^l. 



According to the invention it is furthermore preferred 

that the organic solvent is tetrahydrof uran (THF) or 1,2- 
dimethoxyethane or an ether, preferably diethylether , and 
that the stereospecif ic reagent is active in the presence of 
molecular sieves, and that preferably 

zeolites are used as molecular sieves, preferably having 

a specific pore passage which is defined by a 12 ring, 10 ring 

or 8 ring, and that furthermore preferably 

the molecular sieves have a large capacitiy for water and 
oxygen, so that preferably 

the adsorption capacity for water preferably lies between 

10 - 20 cm'/lOO g activated molecular sieves and 

that the adsorption capacity for oxygen preferably lies 

between 10 - 14 cm^/100 g activated molecular sieves, and 

furthermore 

as molecular sieve preferably a 2SM-5 zeolite is used and 
preferably 

that the ratio of molecular sieves to the stereospecif ic 
catalyst amount is between 1 - 15 g per mmol, preferably 
between 2 - 10 g per mmol and more" preferably 2 g per mmol and 
particularly preferably 

that the ratio of ZSM-5 zeolite to the stereospecif ic catalyst 
amount Is 5 g per mmol or 10 g per mmol. 
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According to the invention it is furthermore preferred 

that the carbonyl substrate is added after formation of the 
LiAlH^ complex and preferably 

that the stereospecif ic reagent is present with the lithium 
aluminium hydride in the organic solution as complex and 
preferably 

that for forming the LiAlH^ complex a stereospecif ic reagent 
and LiAlH^ is added to an organic solvent while stirring, the 
formation of the LiAlH^ complex preferably taking place in the 
presence of molecular sieves. 



According to the invention it is furthermore preferred 

that for forrriing the LiAlH^ complex 1 , 0 to 100 ml of a 
seer eospecif ic reagent and 0.5 to 15 g, preferably 0.5 
to 10 g, particularly preferably 0.5 to 5 g of a mol- 
ecular sieve are added to 10 to 100 ml of an organic 
solvent 'and dissolved at -60 to 22^C and to said solution 
at -60 to 22''C with continuous stirring 10 to 100 ml 
of 5 1.0 to 2.0 M solution of LiAlH^ are added, stirring 
continuing at a speed of 10 - 20 rpm until a homogeneous 
suspension is f oriried / preferably 

as reducing agent for the complex formation one of the com- 
pounds characterized in claim 2 is used and furthermore prefe- 
rably 

that th homogeneous suspension is refluxed Alx.a temperature 
of -60 to 22*C for 5 to 100 min. 
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According to the invention it is furthermore preferred 
thit sfter its forr-:=uion the LiAlH„ co"olex is allowed 
to stand for 5 to 100 ran. at a terriperature of 0 to 
-60*^0 or stirred for 5 to 100 r.in. to obtain the R- ( - ) 
form of the carbinol in the reaction of the carbonyl 
substrate, or 

that after its forrr.ation the LiAlr' cor.olex is allowed 

4 

to stand for 10 to 100 rr.in. at a t err.pe r a t u r e of 0 to 
22°C or is stirred for 10 to 100 min. to obtain the 
S-(+) form of the carbinol/ or 

that the LiAlH^ complex is allowed to stand 8 hours in 
ethereal or THF solutions at temperatures between -7°C 
to O^C before the carbonyl substrate is added to obtain 
: the S-enantiomer of the carbinol, or 
' . that the formation of the LiAlH^ complex takes place at a 

temperature of 0*C to -60'C and 0 to 10 min. after formation 
of the complex the carbonyl substrate is added to abtain the 
R-enantiomer of the carbinol, whereas preferably 
the reaction of the carbonly substrate is carried out in the 
absence of oxygen and wat:er. 

According to the invention it is furthermore preferred 
that the molar ratio of LiAlH^ to the stereospecif ic reagent 
lies between 1.0 : 0.2 to 1.0 - 3.0, preferably 
that the molar ratio of LiAlH^ to the stereospecif ic reagent 
lies between 1.0 : 2.3 to 1.0 : 2.5 furthermore preferably 
» ' that the molar ratio of the LiAlH^ complex to the carbonyl 
'i substrate lies between 1.0 : 0.2 - 1.0 : 2.5, or 

that the molar ratio of the LiAlH^ complex to the carbonyl 
substrate is 1.0 : 2.5, or 

that the molar ratio of LiAlH^ to the stereospecif ic reagent is 
1.0 to 0.7, or 

that the molar ratio of L±A1H^ to the stereospecif ic reagent is 
1,0 to 1.0, or 
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that the molar ratio of LiAlH^ to the stereospeci f ic reagent is 
1.0 to 2.0, or 

that the molar ratio of LiAlH^ to the stereospeci fic reagent is 
1 . 0 to 2 . 5 or 

that the molar ratio of LiAlH^ to the stereospeci f ic reagent is 
1.0 to 3.0, and particularly preferably 

that as organic*^ solvent benzene or toluene or pentane or 
hexane is used if methoxy and/or chlorine and/or bromine 
and/or fluorine substiuents are localized in the aryl groups 
of the carbonyl substrate. 



According to the invention it is furthermore preferred 
that 

a) the enantiomeric R or S-carbinol obtained is subjected to 
a stereospeci fic halogenation to obtain the enantiomeric 
R or S-halide, 

and 

b) said halide Is reacted by metallization retaining the 
configuration to the metal organic compound and 

c) said metal organic compound is reacted by carbonizing, 
retaining the conf iguratzion, to the end product. 

9. Process according to one or more of the preceding claims, 
characterized in 

that the optical purity/activity of the halide is at least 
80 %^ prefer erably 

that the S-carbinol is converted with SO5CI2, S02Br2, SOBt^, 
SOClj or cyanuric chloride having at least 95 - 98 % by weight 
of the S-conf iguration of the halide, or 

that the R-carbinol is converted by SOjSl^, S02Br2, SOClj, SOBrj 
or cyanuric chloride to the R-halide having at least 95 - 98 % 
by weight of the R-conf iguration of the halide, or 
that the R or S-carblnol is converted by SOjClj or S02Br2 or 
SOCI2 or SOBrj in the presence of pyridine and H2O to the S or 
R-holide, at least 95 - 98 % by weight of the halides being 
obtain d in the S or R-conf iguration. 
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According to the invention it is furthermore preferred 
zhaz the s t e r eospec i f i c halocenaz ion is Carried cjt in 
dnhydric 1,4-cioxane or in cry pyridine in the presence 
of thionyl chloride or thionyl broriide or cy=nuric chlor- 
ide/ furthermore preferably 

that the enant i OT.e r i c carbinol is heated in the presence 
of pulverized cyaouric chloride (1 rriol ) or in the cresenc^ 
Of a base to 10°C - 20^C above the boiling point of the 
carbinols and after 1 to 1.5 hours this reaction rr.ixture 
is cooled, filtered and distilled under high vacu-jri, 
whereupon the -.e t al 1 i za t i on and carbonizing are carried 
out, furthermore preferably 

thar the sterecspecif ic halogenaticn is carried ouz with 
corresponding rr.olar thionyl chloride or thionyl bro- 
ir.ide at a ten-.pera tur e of -10 zo -20°C, preferably -20°C, 
the r.etallization and the carbonizing thereafter being 
carried out. 



According to the invention It is furthermore preferred 
that 

a) the R or S-halide is reacted wi^h "lagnesium in ethereal 
or TH? solutions at a temperature of 4**C to 15**C, 
retaining the S or R-conf iguration, to the corres- 
ponding R or S-metal organic G r ignard compound, and 

b) is passed through said solution containing the 
Grignard compound to obtain the end product, and 
preferably 

that the S-halides are converted to the organic S-mag- 
nesium halides having at least 90 % by weight of the 
S-conf igurat ion of the organic magnesium halides/ 
furthermore preferably 

that the R-halides are converted to the organic R-mag- 
nesium halides having at least 90 % by weight of the 
R-conf iguration of the organic magnesium halides# 
fxarthermore preferably 
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thic ^.he S or R-enan t i o^e r s according to clain-i 1 are 
obtained by conducting carbon dioxide through a solution 
of S or R-magnesiuri halides, giving S or R-carboxylic 
acids having at least 95 - 98 % by weight of the S or 
?.-conf igur at i-.on of the carboxylic acids. 

According to the invention it is furthermore preferred 

that the metallization is carried out with methyl lithium, or 
that the metallization is carried out with mercury compounds, 
and preferably, 

that as mercury compounds HgCl2, HgBr2. Hg(CN)2 or Hg(SCN)2 are 
used, furthermore preferably 
; that the R-halides are converted to the organic R-mercury 
halides having at least 95 - 98 % of the R-conf iguration of 
the organic mercury halides, furthermore preferably, 
that the S-halides are converted to the organic S-mercury 
\* halides having at least 95 - 98 % of the S-conf iguration of 
the organic mercury halides, or 

that the S or R halides are converted to the organic S or 
R-mercury halides having at least 95 % by weight of the S or R 
configuration of the organic mercuory halides. 

According to the invention it is furthermore preferred 

that the enantiomeric R or S-halides are reacted with 
sodium tetracsrbonyl ferrate (II) (NajFeCCO)^) in the 
presence of triphenyl phosphine (Ph^?)/ for-.ing as inter- 
mediate product 



• Me 





H — •; 



c 



Me 



C-re (CO.)3 Ph^P 
Jl 
O 
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which is converted by oxidation with iodine water to 
the CO r I esponu i ng acid, anu preferably 

that the enant i orr.e r i c R or S-halides are converted with 
sodiujT. tetraca.rbonyl ferrate (li ) (Na^FeCCO)^) in the 
prese-ce of rr.olar arr.ounts of triphenyl phosciiine (Ph^P) 
and a secondary arriine to the corresponding amide, 
furthermore preferably 

that the sociu- te t r aca rbonyl f er r ate {II) is prepared 
by treating Fe(CO)- with sodiun ar.alcar. (NaHg) in THF, 
whereas preferably 

that as secondary a-.ines lower n-dialkyl ar.ines hcvinc 
alkyl radicals of - Cg are used, and particularly 
preferably 

that as secondary amines preferably dimethyl amine, 
diethyl amine or dibutyl amine are used. 



According to the invention 
that the enantiomeric R or 
Na2Fe(C0)^ in the presence 
product 

R 
I 



it is furthermore preferred 

S-halides are reacted with 

of CO, forming as intermediate 



Ar— C — C Fe(CO), 

I II 
H O- 



which is converted with oxygen or NaOCl and subsequent 
acidic hydrolysis to the corresponding enantiomeric acid , or 

that the enantiomeric R or S-halides are converted with 
nickel carbonyl (Ni (CO)^) in the presence of an alcohol 
and its conjugated base in accordance with the reaction 




5- { ") 



S- i- ) 



Halide = 3r, Cl, J 
HOH = Butanol 
R' = Aryl 



According to the invention it is furthermore preferred 
that the H-halice is converted to the corresponding 
S-carboxylic . acid having at least 95 - S8 % by weight 
of the S-conf icur ation of the carboxylic acid, preferably 
what the R-halide is converted with sodium cyanide or 
potassium cyanide, dissolved in water to the corresponding 
S-cyanide and furthermore with NaOH and K2O2 to the 
corresponding S-carboxylic acid, furthermore preferably 
that the S-halide is converted with sodium Cv-anide or 
potassium cyanide, dissolved in water, to the corresponding 
R-cyanide and furthermore with NaOH and H2O2 to the 
corresponding R-carboxylic acid, furthermore preferably 

that the S-halide is converted by mercury (II) cyanide 
to the corresponding S-mercury cyanide having at least 
95 % by weight of the S-conf igurat ion of the mercury 
organic cyanide, and furthermore preferably 
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thot the ocuically active R-carbino-s are ccr.ver-ec : 
the presence of r.ercury (ll) cyanide zo the correspcr 
S-r.ercury organic cyanides having at least 5:> \ zy 
veioht of the S-conf icu r a t icn of the organic .-r.ercjry 
cyanides , 



According to the invention it is furthe.-more preferred 
that the end product is ibuprofen or naproxen. 



According to the invention it is furthermore preferred 
that the salts are complexas of 2-aryl-alkane acids and D- 
alu camine in the stoichiomatric ratio 1:1, having at least 
70 - 95 %, particularly preferably at least 90 % by weight of 
t:he S-conf igurations of the complex, or furthermore prefera- 
bly, 

that the salts are complexes of 2-aryl-alkanoic acids and D- 
ribamine in the stoichiometric ratio 1:1, having at least 70 
to 98 %, particularly preferably at least 90 % by weight of 
the S-conf igurations of the complex, or furthermore preferably 
that the salts are complexes of 2-aryl-alkanoic acids and 
cationic detergents having a chain length of C^^ - C^^, or 
furthermore preferably 

that the salts are complexes of 2-aryl-alkanoic acids and 
hexadecylpyridinium in the stoichiometric ratio 1:1, having 
at least 70 - 98 % by weight of the S-conf iguration of the 
complex, or furthermore preferably 

that the salts are complexes of 2-aryl-alkanoic acids and 
benzethoniura in the stoichiometric ratio 1:1, having at 
least 70 - 98 % by weight of the S-conf i>;uration of the com- 
plex. 
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According to the invention it is furthermore preferred 
that the salts exhibits antimicrobial activities. 

According to the invention it is furthermore preferred 
that the complexes have surface activities with a critical 

micelle concentration (CMC) of 1 x 10"^ M/i to 1 x 10"* M/1, 

preferably 

that the 1 : 1 complexes consist of S- ( + ) -ibuprof en and R- 
lysine, the optical purity of the S- ( * ) - ibuprof en being 94 - 
98 %, furthermore preferably, 

tha'^ the 1 : 1 complexes consist of S- ( + ) -naproxen and R- 
lysine, the optical puritiy of the S- ( ) -naproxen being 94 - 
98 %, furthermore preferably, 

that the 1 : 1 complexes consist of S- ( + ) -ibuprof en and R- 
arginine, the optical purity of the S- ( + ) -ibuprof en being 94 
98 %, furthermore preferably, 

that the 1 : 1 complexes consist of S- ( + ) -naproxen and R- 
arginine, the optical purity of the S- (+) -naproxen being 96 - 
98 %, furthermore preferably 

that the 1 : 1 complexes consist of S- ( + ) -ibuprof en and 

N-inethyl-2-D-glucosamine, the optical purity of the S-{+)- 

ibuprof en being 94 - 98 %, furtherniore preferably 

that the 1 : 1 complexes consist of S- { + ) -naproxen and 

N-methyl-a-D-glucos amine , furthermore preferably, 

that the 1 : 1 complexes consist of S- (+) -ibuprof en and 

N-methyl-a-D-galactosamine, furthermore preferably 

that the 1 : 1 complexes consist of S- {+) -naproxen and 

N-methyl-a-D-galactosamine, furthermore preferably 

that the 1 : 1 complexes consist of S- ( + ) -ibuprof en and 

choline, furthermore preferably, 

that the 1 : 1 complexes consist of S-( + )-naproxen and 
choline whereas preferably 

as inorganic salts in particular alkaline and alkaline earth 
salts of S-ibuprofen and S-naproxen are used and furthermore 
preferably 
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t-ha-c preferably the magnesium salts of S- ( + ) -ibuprof en and S- 
(+)-naproxen are used, and particularly preferably that sodium 
salts of S-( + )-ibuprofen and S- (+) -naproxen are used in the 
presence of 10 % (w/w) sodium carbonate. 

According to the invention it is furthermore preferred to use 
products prepared according to the invention for the prepara- 
tion of pharmaceutical compounds with anti-inflammatory and 
antipyretic activities . 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS. 

Process for preparing a pharmaceutically active compound 
in stereospecif ic form selected from the group of com- 
pounds having the formula: 

R 

Ar C COOH ( I ) 

I 

H 



- 82 - 



and their physiologically corr.patible salts and esters, 
wherein R is a lower alkyl and Ar a rr.onocycl i c , poly- 
cyclic or o r hocondensec polycyclic aromatic group 
having up to 12 carbon ator.s in the aromatic ring, and 
which may be substituted or uns-bst i t ^ted in the aro:T:atic 
ring, comprising the steps: 

a) reacting a carbcnyl substrate of the formula: 

R 
I 

Ar C = C ( I ' ) 



•.;.-:^re R and Ar have the meanings given above, with a 
i-:3reospecif ic reagent in the presence of a reducing agent 
and an organic sQl\ent -to ^or7^ the enatiomeric carbinol 
and 



b) reacting the enantiomeric carbinol obtained to form 
the end product . 

2. Process according to claim 1, 
characterized in 

that R is a to C^, preferably a - C^, particularly 
preferably a alkyl, and the aromatic group is a phenyl, 
diphenyl or naphthyl group, and the substituents of said 
aromatic groups may consist of one or more halogen atorris, 

- alkylene, benzyl, hydroxy, - C^alkoxy, 
phenoxy, and benzoyl groups. 

3, Process according to claim 1 or 2, 
characterized in 

that Ar is selected from the group consisting of 
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4- isobutyl phenyl 

6 -me t hoxy-2-n5phthyl 

3- pnenoxy-phenyl 
2'-fluoro-4-diphenyl 
A *-fIuoro-4-di phenyl 

5- chloro-6-rr.et hoxy-2-napht hy 1 

5- brorno-6-rriethoxy-2-naphthyl 

4 - ch 1 o r o -pheny 1 

4 - d i f 1 uor o-me t hoxy -phenyl 

6- hydroxy-2-napht hyl and 

5- bromo-6-hydroxy-2-naphchyl . 

Process according to one or more of clain-.s 1 to 3, 
characterized in 

that the carbonyl substrate has the forT.ula: 




Ar C = 0 

and Ar is selected from the group consisting of 

4- isobutylphenyl 
6-methoxy-2-naphthyl 

3 - phenoxy -phenyl 

2 ' -fluoro-4-di phenyl 
4 ' -f luoro-4-diphenyl 

5- chloro-6-inethoxy-2-naphthyl 

5- bromo-5-methoxy-2-naphthyl 

4- chloro-phenyl 

4 - difluoro-methoxy -phenyl 

6- hydroxy-2-naphthyl and 

5- bromo-6-hydroxy-2-naphthyl . 

Process according to one or more of the preceding claims, 
characterized in 

that the stereospecif ic reagent is ( + ) -4-dimethy lamino--3- 
methyl-1 / 2-diphenyl-2-butanol . 
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6. Process accordincj to one or more of the preceding claiins, 
characterized in 

ihat the s t e r eospec i f i c reagent is 2 , 2 ' -di hyd r oxy- 1 , 1 * - 

d i napht hy 1 or ( 1 S ; 2S) - ( + ) - 2-arr.ino- 1 - pheny 1-propane - 1 , 3-diol . 

7. Process according to one or rr^ore or the preceding clairr.s, 
character ized in 

that the ster eospeci f i c reacent is S - ( - ) - 1 , 1 -d i pheny I - 
prolinol or (ir,2R)-(-) -2-a.T.i no- 1 -phony 1 -propane- 1 , 3-d iol . 

8. Process according to one or i:.ore of the precedinc clain-.s, 
characterized in 

that for the s t e r eospec i f i c reagent the red^^iCing agents 
in conjunction with the chiral corr.plexing agents are 
'"'^lected from the group cOiT.pr i s i nc : 

a) LiAlH., Li3H,, NaBH. and K3H . , LiAlH. c^mc ^referred, 

b) KaAlH,, AlH^.THr, Mg.(AlHJ,, BH3.THF 

c) AKBHJj.THF; Ca ( BH, ) j . THr ; Sr ( BH, ) , . EtjO; Ba(BH,)j- 
Et20(THF). 

9. Process according to one or Tiore of the preceding claims, 
characterized in 

that the stereospecif ic reagent forms a complex of 
BH^.THF and S- ( - ) -1 , 1 -d ipheny 1 -pr ol i nol . 

10. Process according to one or more of the preceding claims, 
characterized in 

that the stereospecif ic reagent forms a complex of 
LiAlH^ and ( + )-4-dimethylamino-3-methyl-l , 2-dipheny 1-2- 
butanol or a complex of LiAlH^ and 2 , 2 ' -dihydroxy-1 , 1 • - 
dinaphthyl . 

11. Process according to one or more of the preceding claims, 
characterized in 

that the organic solvent is tet rahydrof uran (THF) or 1,2- 
dimethoxyethane or an ether. 



- 85 - 



Process according to one or more of the preceding claims, 
character ized in 

that as ether diethylether are preferably used. 

Process according to one or more of the preceding clalr.s, 
charscteri zed i n 

that the st e r eospec i f i c reacen- is active in zhe pre- 
sence of molecular si eves. 

Process according to one or more of the preceding clain^s, 
character ized in 

that zeolites are used as molecular sieves. 

Process according to one or miore of the preceding claims, 
characterized in 

that the zeolites have a specific pore passage which is 
defined by a 12 ring, 10 ring or 8 ring. 

Process according to one or more of the preceding claijns, 
characterized in 

that the molecular sieves have a large capacity for 
water and oxygen.. 

Process according to one or more of the preceding claims, 
characterized in 

that the adsorption capacity for water preferably lies 
between 10 - 20 cm^/lOO g activated molecular sieves. 

Process according to one or more of the preceding claims, 
characterized in 

that the adsorption capacity for oxygen preferably lies 
between 10 - 14 cm^/lOO g activated molecular sieves. 

Process according to one or more of the preceding claims, 
characterized in 

that as molecular sieve preferably a ZSM-5 zeolite is 
used. 
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Process according to one or r.ore of the preceding claims, 
characterized in 

that the ratio of rriolecular sieves to the ster eospeci f i c 
catalyst amount is between 1 - 15 g per inmol, preferably 
between 2 - 10 g per rr.mol and riore preferably 2 g per 
r.T:Ol. 

Process according to one or r.cre of the preceding clai.r.s, 
characterized in 

that the ratio of 2SK-5 zeolite to the ster eospec i f i c 
catalyst amount is 5 g per rr.z.ol or 10 g per rrimol , 

Process according to one or rore of the preceding clain-s, 
characterized in 

that the carbonyl substrate is added after forrr.ation of 

the LiAlH, corr.olex, 

*♦ * . 

Process according to one or rr:ore of the preceding clain-.s, 
characterized in 

that the ster eospeci f ic reagent is present with the 
lithium aluminium hydride in the organic solution as 
complex • 

Process according to one or more of the preceding claims, 
characterized in 

that for forming the LiAlH^ complex a stereospecif ic 
reagent and LiAlH^ is added to an organic solvent while 
stirring, the formation of the LiAlH^ complex preferably 
taking place in the presence of molecular sieves. 

Process according to one or more of the preceding claims, 
characterized in 

that for forming the LiAlH^ complex 1.0 to 100 ml of a 
stereospecif ic reagent and 0.5 to 15 g, preferably 0.5 
to 10 g, particularly preferably 0.5 to 5 g of a mol- 
ecular sieve are added to 10 to 100 ml of an organic 
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solvent and dissolved at -60 co 22°C and to said Golution 
at -60 to 22°C with continuous stirring 10 to 100 ml 
of a 1.0 to 2.0 M solution of LiAlH^ are added, stirring 
continuing at a speed of 10 - 20 rprr. until a hor.ogeneou s 
suspension "is formed. 

26. Process according to one or ricre of the preceding cl = iT;S, 
characterized in 

that as reducing agent for the corr.ple/: forrriation one of 
the compounds characterized in claim & is used. 

27. Process according to one or r.cre of the preceding claims, 
characterized in 

that the homogeneous suspension is refluxed at a temp- 
erature of -60 to 22°C for 5 to iOO rr.in. 

28. Process according to one or m.ore of the preceding claims, 
characterized in 

that after its formation the LiAlH^ complex is allowed 
to stand for 5 to 100 min. at a temperature of 0 to 
-60^C or stirred for 5 to 100 min. to obtain the R-(-) 
form of the carbinol in the reaction of the carbonyl 
substrate * 

29. Process according to one or more of the preceding claims, 
characterized in 

that after its formation the LiAlH^ complex is allowed 
to stand for 10 to 100 min. at a temperature of 0 to 
22*C or is stirred for 10 to 100 min. to obtain the 
S-(+) form of the carbinol. 

30. Process according to one or more of the preceding claims, 
characterized in 

that the LiAlH^ complex is allowed to stand 8 hours in 
ethereal or THF solutions at temperatures between -7^c 
to G^C before the carbonyl substrate is added to obtain 
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the S-enant iomer of the carbinol. 

31. Process according to one or -ore o£ the preceding 
claims, 

characterized in 

that the formation of the LiAlH^ complex takes place at 
a temperature of 0°C to -60°C and 0 to 10 min. aiLer 
formation of the complex the carbonyl substrate is 
added to obtain the R-enantio-.er of the carbinol. 

32. Process according to one or r-.ore of the preceding claims, 
characterized in 

that the reaction of the caroonyl substrate is carried 
out in the absence of oxygen and water. 

33. Process according to one or r.ore of the preceding claim.s, 
characterized in 

that the molar ratio of LiAlH, to the st er eospeci f ic 
reagent lies between 1.0 : 0.2 to 1.0 - 3.0. 

34. Process according to one or more of the preceding claims, 
characterized in 

that the molar ratio of LiAlH^ to the ster eospeci f i c 

reagent lies between 1.0 : 2.3 to 1.0 : 2.5. 

35. Process according to one or more of the preceding claims, 
characterized in 

that the molar ratio of the LiAlH^ complex to the car- 
bonyl substrate lies between 1.0 : 0.2 - 1.0 : 2.5. 

36. Process according to one or more of the preceding claims, 
characterized in 

that the molar ratio of the LiAlH^ complex to the car- 
bonyl substrate is 1.0 : 2.5. 
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37. Process according to one or more of the preceding claims, 
character ized in 

chat the molar ratio of LiAlH^ to the s t e r eospec i f i c 
reagent is 1.0 to 0.7. 

38. Process according to one or more of the preceding claiins, 
character ized in 

that the molar ratio of LlAlH. to the s t e r eospec i f i c 
reagent is 1.0 to 1.0. 

39. Process according to one or more of the preceding claims, 
characterized in 

that the molar ratio of LiAlH, ^o the st ereospecif ic 
reagent is 1.0 to 2.0. 

40. Process according to one or more of the preceding claim.s, 
character ized in 

that the molar ratio of LiAlH^ to the s tereospeci f i c 
reagent is 1.0 to 2.5. 

41. Process according to one or more of the preceding claims, 
characterized in 

that the molar ratio of LiAlK^ to the ster eospecif ic 
reagent is 1.0 to 3.0. 

42. Process according to one or more of the preceding claims, 
characterized in 

that as organic solvent benzene or toluene or pentane 
or hexane is used if methoxy and/or chlorine and/or 
bromine and/or fluorine substituents are localized in 
the aryl groups of the carbonyl substrate. 

43. Process according to one or more of the preceding claims, 
characterized in 

that 
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a) the enantiomeric R or S-carbinol obtained is subjected 
to a stereospeci f ic halogenation to obtain the enan- 
tiomeric R or S-halide, 

and 

b) said halide is reacted by metallization retaining 
the configuration to the metal organic compound and 

c) said metal organic compound is reacted by carbonizing, 
retaining the configuration, to the end product. 

Process according to one or more of the preceding claims, 
characterized in 

that the optical pu r i ty/acr i v i ty of the halide is at 
least dO %. 



Process according to one or more of the preceding claims, 
characterized in 

that the S-carbinol is converted with SOjClj/ S023r2f 
SOBrj/ SOCI2 or cyanuric chloride to the S halide having at 
least 95 - 98 % by weight of the S-conf iguration of the halide 

Process according to one or more of the preceding claims, 
characterized in 

that the R-carbinol is converted by SOjClj/ S02Br2/ 
SOCljf SCDr2 or cyanuric chloride to the R-halide having 
at least 95 - 98 % by weight of the R-conf iguration of 
the halide* 

Process according to one or more of the preceding claims, 
character ized in 

that the R or S-carbinol is converted by SOjClj or 
S02Br2 or SOCI2 or SOBr2 in the presence of pyridine and 
H2O to the S or R-halide, at least 95 - 98 % by weight 
of the halides being obtained in the S or R-conf iguration , 



Process according to one or more of the preceding claims, 
characterized in 
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that the s t e r eosirec i f i c h 5 ] o-jon a : i on is c::r:jc-c c-: in 
anhydric 1,4-dioxine or m cry py::c:ne : r: the- ::vi'c-nce 
of thionyl chloride or thionyl bror-ide o r cy^r.-: : chior- 
i de . 

49. Process accordinc zo one or r.cre of tr.c- cr ecec 1 clairs, 
character i zed 1 n 

chat the enan 1 1 or.e r 1 c carbmol is heaiec in ihe cres-ence 
of oulverized cyanjric chloride (1 rol) or in the cresenc 
of a base to 10°C - 20^C accve the bcilir.^ point of the 
carbinols and after 1 to 1.5 ho^rs this reaction r.ixtu-re 
is cooled, filtered and distilled ^nce; hich vacj-r., 
whereupon the metalaticn and corbcnation are carried out. 



50. Process according to one or .Tore of t*-,e precedinc clairr-s, 
character 1 zed i n 

that the stereospeci f ic halocenation is carried out with 
corresponding molar thionyl chloride or thionyl bro- 
mide at a temperature of -10 to -20*C, preferably -20*'C, 
the metallization and the carbonizing thereafter being 
carried out. 

51. Process according to one or more- of the preceding claims, 
characterized in 

that 

a) the R or 5-halide is reacted with magnesium in ethereal 
or THF solutions at a temperature of 4*C to 15**c, 
retaining the S or R-conf igur at ion , to the corres- 
ponding R or S-metal organic G r ignard compound, and 

b) is passed through said solution containing the 
Grignard compound to obtain the end product. 



52. Process according to one or more of the preceding claims, 
characterized in 
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the S-halides are conv^i-rted to the organic S-mac- 
nesiur: halides having at least 90 % by v;eight of the 
S-confioiiraiion of the orcanic ragnesiurri halides. 

53. ?:ocess according io one or "ore of the preceding clairris, 
c r. 3 r a c t e r i 2 e d 1 rS 

-hit the ?. - h a 1 1 d e s are converted to the organic P. - rr: a c - 
nesi-"- halides having at leist 30 % by weight of the 
r-Cv-z^n figuration of the organic "agnesi'Jjn halides. 

54. ?:ocess according to one or "ore of the preceding claiixis, 
characterized in 

-hat the S or ? - e n a n 1 1 o r e r s according to c 1 a i " 1 are 
obtained by conducting caroon cicxide through a solution 
of S or R-.T.agnes 1 -r. halides, giving S or ?.-ca r boxy 1 ic 
acids having at least 95 - 9c \ by weight of the S or 
con f 1 c u r a 1 1 on of the carbcxylic acids. 

55. Process according to one or r.ore of the preceding claims, 
characterized in 

that the rr.e t a 1.1 i z a 1 1 on is carried out with jxethyl 
1 1 1 h i urt . 



55. Process according to one or rr.ore of the preceding clairrs, 
characterized in 

that the metallization is carried out with Hiercury 
cOiTiDounds . 

57. Process according to one or more of the preceding claimS/ 
characterized in 

that as mercury compounds HgCl2/ HgEr2/ Hg(CN)2 or 
Hg(SCN)2 are used. 

58. Process according to one or more of the preceding claims, 
characterized in 

that the R-halides are converted to the organic R-mercury 
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halides having at least 95 - 95 * of the R-con f i gu r a t i on 
of the organic rr.ercury halides. 

Process according to one or rricre of tne preceding clairr.s 
characterized in 

that the S-halides are converted to tne organic S-rr,ercur 
halides having at least 95 - 9i \ of the S -conf i gu r a t i on 
of the organic riercury halides. 

Process accordin^i to one or rr;C:"t: of the preceding clai.T.s 
characterized in 

that the S or ?. halides are converted to the organic 

S or R-iTiercury halides having it least 95 % by weight of 

the S or R configuration of the organic r.ercury halides. 

Process according to one or r.cre of the preceding clairrss 
characterized in 

that the enantiomeric R or S-halides are reacted with 
sodium tet r acarbonyl ferrate (II) (Na2re(C0)^) in the 
presence of triphenyl phosphine (Ph^P)/ forTuing as inter 
mediate product 

c _ 

C-Fe (CC)3 Pho? 5-(^) 
11 
O 

which is converted by oxidation with iodine water to 
the corresponding acid. 

Process according to one or more of the preceding claims 
characterized in 

that the enantiomeric R or S-halides are converted with 
sodium tetracarbonyl ferrate (II ) (Na2Fe(C0)^) in the 
presence of molar amounts of triphenyl phosphine (Ph^P) 
and a secondary amine to the corresponding amide. 



r/.e " 
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63. Process according to one or rriore of the preceding claims, 
character i zed in 

that the sodium tet r aca r bony 1 ferrate (II) is prepared 
by treating Fe(CO)^ with sodiurri arrialgam (NaHg) in THE. 

64. Process according to one or r-.ore of the preceding claims, 
character ized in 

that as secondary arriines lower n-dialkyl arriines having 
alkyl radicals of - Cg are used. 

65. Process according to one or rr.ore of the preceding claims, 
character ized in 

that as secondary aTiines preferably dimethyl anine, 

diethyl amine or dibutyl ar.ine are used. 



65. Process according to one or more of the preceding claims, 
character ized in 

that the enantiomeric R or S-halides are reacted with 
Na2Fe(C0)^ in the presence of CO, forming as intermediate 
product 

R 
I 

Ar — C — C Fe(CO), 

I II 
H O 



which is converted with oxygen or NaOCl and subsequent 
acidic hydrolysis to the corresponding enant iomier ic acid. 

67. Process according to one or more of the preceding claimS/ 
characterized in 

that the enantiomeric R or S-halides are converted with 
nickel carbonyl (Ni (CO)^) in the presence of an alcohol 
and its conjugated base in accordance with the reaction 
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Halide = Br, CI, j 
ROH = Butanol 
R' = Aryl 

68. Process according to one or ir.ore of the preceding claims, 
characterized in 

that the R-halide is converted to the corresponding 
S-carboxylic acid having at least 95 - 95 % by weight 
of the S-conf igur at ion of the carboxylic acid. 

69. Process according to one or more of the preceding claims, 
characterized in 

that the R-halide is converted with sodi'jm cyanide or 
potassium cyanide, dissolved in water to the corresponding 
S-cyanide and furthermore with NaOH and H2O2 to the 
corresponding S-carboxylic acid. 

70. Process according to one or more of the preceding claims, 
characterized in 

that the S-halide is converted with sod i urn cyanide or 
potassium cyanide, dissolved in water, to the corresponding 
R-cyanide and furthermore with NaOH and H2O2 to the 
corresponding R-carboxylic acid. 

71. Process according to one or more of the preceding claims, 
characterized in 

that the S-halide is converted by mercury (II) cyanide 
to the corresponding S-mercury cyanide having at least 
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95 % by weight of the S-conf ic j r a t i on of the mercury 
organic cyanide . 

72. Process according to one or rore of the preceding clairris, 
characterized in 

that the optically active R-carbinols are converted in 
the presence of mercury (II) cyanide to the corresponding 
S-J>ercury organic cyanides having at least 95 % by 
weight of the S-conf igu r at ion of the organic rr.ercjry 
cyanides . 

"^^^ Process according to one or rore of the preceding clair.S/ 
cha r act e r i zed i n 

that the end product is ibuprofen or naproxen. 

74. Process according to one or rore of the preceding claims, 
characterized in 

that the salts are complexes of 2-a ryl-alkane acids and 
D-glucamine in the stoichiometric ratio 1 : 1, having 
at least 70 - 95 % by weight of the S-conf i gu r at ions of 
the complex. 

75. Process according to one or J.ore of the preceding claims, 
characterized in 

that the salts are complexes of 2-aryl- alkanoic acids and 
D-ribamine in the stoichiometric ratio 1 : 1, having 
at least 70 to 98 % by weight of the S-conf igur at ions of 
the complex. 

76. Process according to one or more of the preceding claims, 
characterized in 

that the salts are complexes of 2-aryl- ^ilkanoic acids and 
cationic detergents having a chain length of C^^ - ^16* 



77. 



Process according to one or more of the preceding claims, 
characterized in 
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that the salts are coiTiplexes of 2-aryl alkanoic acids and 
hexadecylpyr idiniurri in the s t o i ch i orr-e t r i c ratio 1 : i, 
having at least 70 - 98 % by weight of the S-conf i gu r a t i on 
of the complex. 

Process according to one or more of the preceding claims, 
char acter ized in 

Lhat the salts are complexes of 2-aryl- alkanoic acids and 
benzethonium in the stoichiometric ratio of 1 : having 
at least 70 - 95 % by weight of the S-conf igu r at ion of 
the complex. 

Process according to one or more of the preceding clainris, 
characterized in 

that the salts exhibit antimicrobial activities. 

Process according to claim 74 or 75, 
characterized in 

that the complexes have surface activities with a crit- 

-2 

ical micelle concentration (CMC) of 1 x 10 M/1 to 
1 X 10""* M/1. 

Process according to claim 74 or 75, 
characterized in 

that they have at least 90 % by weight of the S-config- 
uration of the compound. 

Process according to one or more of the preceding claims, 
characterized in 

that the 1 : 1 complexes consist of S-(+ )-ibuprof en and 
R-lysine, the optical purity of the S- ( + ) -ibuprof en 
being 94 - 98 %. 

Process according to one or more of the preceding claims, 
characterized in 

that the 1 : 1 complexes consist of S- (+) -naproxen and 
R-lysine, the optical purity of the S- {+) -naproxen 
being 94 - 98 %. 
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84. Process according to one or niore of the preceding claims, 
cha ract er i zed i n 

that the 1 : 1 complexes consist of S - ( -r ) - i bupr of en and 
?,-arginine, the optical purity of the S-.( - ) - i buprof en 
being 94 - 98 %, 

85* Process according to one or more of the preceding claims, 
characterized in 

that the 1 : 1 complexes consist of S- ( ) -naproxen and 
R-arginine, the optical purity of the 5- ( ) -napr oxen 
being 96 - 98 %. 

86- Process according to one or more of the preceding claims, 
characterized in 

that the 1 : 1 complexes consist of S- ( ) - i bupr of en and 
N-methyl-2-D-glucosamine , the optical purity of the 
S- ( + ) -ibuprof en being 9.4 - 98 . 

87. Process according to one or more of the preceding claims, 
character ized in 

that the 1:1 complexes consist of S- ( ) -naproxen and 
N-me thy 1-a-D-glucosamine . 

88. Process according to one or more of the preceding claims, 
character ized in 

that the 1 : 1 complexes consist of S- ( + ) -ibuprof en and 
N-methy 1-a-D-galactosami ne . 

89. Process according to one or more of the preceding claims, 
char acter i zed in 

that the 1 : 1 complexes consist of S- (+) -naproxen and 
N-methyl-a-D-galactosamine . 

go. Process according to one or more of the preceding claims, 
characterized in 

that the 1 : 1 complexes consist of S-(+ )-ibuprof en and 
choline . 



Process according to one or ir.ore of the preceding claims, 
characterized in 

-hat the 1.: 1 complexes consist of S- (+) -naproxen and 
chol i ne , 

Process according to one or rr.ore of the preceding claims, 
characterized in 

that as inorganic salts in particular alkaline and 
alkaline earth sales of S-ib-Jprofen and S-na?roxen are 
used . 

Process according to one or r.ore. of the preceding claims, 
characterized in 

that preferably the magnesium salts of S- ( + ) -ibuprof en 
and S- ( + ) -naproxen are used. 

Process according to one or more of the preceding claims, 
characterized in 

that preferably the sodium salts of S- (+) -ibuprof en 
and S-(+)-naproxen are used in the presence of 10 % 
(w/w) sodium carbonate. 

Use of the products prepared according to one or more of 
the preceding claims for the prepartion of pharmaceutical 
compounds with anti-inflammatory and antipyretic 
activities. 
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95. A process according to claim 1, substantially as 
hereinbefore described with reference to the examples. 



97. The steps, features, compositions and compounds 
disclosed herein or referred to or indicated in the 
specification and/or claims of this application, 
individually or collectively, and any and all combinations 
of any two or more of said steps or features. 
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